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Micarta 
Insulation 


Control Cathodic Protection Currents Stop Stray Currents 
Sectionalize Pipeline Protection Separate Dissimilar Metals 
Stop Long Line Currents Separate Vessels Different Potentials 


Available nipples, bushings, and flange insulation 
for working pressures 7500 psi. 


For Additional Information and Prices, Write Call 


SERVICE ENGINEERS, INC. 


Manufacturers Westinghouse Micarta Products 
FIRST NATIONAL BANK BLDG. FORT WORTH, TEXAS 
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Continuous pickling lines the Irvin Works 
Steel Corp. are shown here. 
Hot rolled and semi-finished steel passes 
through four acid tanks for the removal 
scale and oxides preparatory cold rolling. 
Automatic machinery unrolls strips and joins 
them that work passes through almost 
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Product Owens-Corning 
Fiberglas Corporation 


Write today for your copy the new manual now the press. Owens-Corning Fiberglas Corporation, 
Department Toledo Ohio. Branches principal cities. Canada: Fiberglas Canada Ltd., Toronto, Ont. 


the trade-mark (Reg. Off.) Owens-Corning Fiberglas Corporation for variety products made with glass fibe 
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better underground 


corrosion protecti 


ONE CONTINUOUS ROLL—Fiberglas Underground Pipe Wrap comes rolls 1,000 
ft. long, the market. 


FIBER COUNT Fiberglas Underground Pipe Wrap greater per unit area than any the 
market. Closer bond gives better protection. 


GREATER IMPACT STRENGTH—Fiberglas Underground Pipe Wrap offers greater resist- 
ance stones and other causes holidays when filling laid lines. Positive protection. 


PRICE COMPETITIVE—Fiberglas Underground Pipe Wrap costs more, yet installation 
costs are more economical—and the job lasts longer. 


PROVED years have elapsed since the first pioneering application 
Fiberglas was made Owens-Corning—and it’s still going strong. 


LEADING CHOICE—Fiberglas Underground Pipe Wrap, first glass mat offered, 
first choice users. 


AVAILABILITY—To meet the ever-increasing demands for Fiberglas Underground Pipe 
Wrap, Owens-Corning production facilities have been further enlarged the opening 
new plant Kansas City. 


NATIONALLY widely known Fiberglas Underground Pipe Wrap that this 
product, made Owens-Corning, the largest manufacturer its kind the world, has be- 
come standard the industry. 


ACID-RESISTANT—The basic glass fibers which Fiberglas Underground Pipe Wrap 
made are inorganic. Glass unaffected all soil acids and impervious electrolysis. 


HEAT-RESISTANT—Fiberglas Underground Pipe Wrap not affected hot applications 
(up 450° F.) the commonly used impregnants. 


MOISTURE-RESISTANT—Fiberglas Underground Pipe Wrap resistant the effects 
moisture. will not rot decay corrode adjoining metal surfaces. does not contribute 
drying, flaking cracking the bitumen coating. 


VARIETY AVAILABLE SIZES—Fiberglas Underground Pipe Wrap made widths 
from 18”, 75’, 400’, 800’ and 1.000’ rolls order, and .015” and .025” thicknesses 
for yard, mill, hand and field wrapping. 


HIGH POROSITY—Fiberglas Underground Pipe Wrap manufactured with carefully 
controlled porosity—to provide uniform bleed through coatings and elimination en- 
trapped air moisture during application. 


EASILY APPLIED—Fiberglas Underground Pipe Wrap light weight—easily trans- 
ported. Its flexibility and strength permit smooth application with easy handling. 
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Kenyen Wells, Water Department, Long Beach, Calif. 
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Task 


Throughout the nation, pipeline men look Midwestern for 
attention their needs the fight against corrosion. 
Large warehouse stocks are located Houston, Tulsa, and 
Chicago making possible immediate delivery anywhere the 
country. Midwestern Service has become by-word the 
pipeline industry and YOUR disposal too! 


will gladly furnish more 
detailed information upon 
your request. 
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Acid Pick-Up Factor— 

Heat Resistance—No Patching Splicing 

these properties keep Fiber- 

pipe For consistent 

CORROSION CONTROL the first name 


Engineering Facts about 


Johns-Manville TRANSITE PRESSURE PIPE 


case 


1932 the city Winnipeg, Manitoba, made its 

initial installation Transite Pressure Pipe. 
portion the installation consisted line. 
Recently this pipe was subjected series field 
and laboratory tests determine its condition after 
years service, which had included exposure 
extremely corrosive soil. 


Pitometer Flow Test 


Before the pipe was removed 
from the line for the labora- 
tory tests which were fol- 
low, its flow capacity was 
checked. The Pitometer 
Company, Inc., New York, 
wasselected conduct these 
field tests. Velocities ranged 
from 1.1 1.9 feet per sec- 
ond and readings were made 
30-second intervals. Dur- 
ing each test, the velocity 
was held constant. Results 
were summarized the 
Pitometer Company 
follows: 

index the present capacity the pipe tested, shows 
that there has been little any loss capacity since 
1932 when the pipe was laid.” 


Assembly pipe and coupling 
being removed from the line for 
laboratory 


Soil Conditions 


The soil which this 
Transite installation was 
made was known 
destructive water pipe. 
Analysis showed the pres- 
ence certain soluble 
salts, which, when dis- 
solved ground water, 
became highly corrosive. 


was desired, there- 
fore, determine how 
well the Transite line had 
withstood these severely 
corrosive conditions and 
thereby provide basis 
for gauging its life expectancy. this, series 
physical tests were made, using the sections pipe 


Readings being recorded during 
Pitometer flow tests the line. 


copy the detailed performance report this Transite Pipe installation 
available request. Address Johns-Manville, Box 290, New York 16, 


which had been removed from the line for the purpose. 
The most significant the tests conducted the pipe 
were the hydrostatic pressure tests. 


Hydrostatic Pressure Tests 


order simulate field conditions closely 
possible, assembly consisting portions two 
lengths pipe joined Simplex Coupling with 
rubber rings and sleeve intact was tested. The com- 
plete assembly was placed hydrostatic testing 
machine and the water pressure was raised 260 
pounds per square inch. This was the original test 
pressure which this pipe had been subjected the 
factory and times the normal working pressure 
the line. 


Pressure was 
held 260 pounds 
while observers 
closely examined 
the coupling for 
leakage. leak- 
age occurred. The 
rubber rings, un- 
disturbed and 
their original posi- 
tion, functioned 
well when the 
pipe had been 
placed service 
years previ- 
ously. Subsequent careful inspection anu con- 
firmed that the rubber rings removed from this Transite 
line were free from any signs deterioration. 


hydrostatic pressure test. 


Specimens the Winnipeg pipe were also subjected 
other laboratory tests. Crushing tests showed that 
its strength compared favorably with that Transite 
Pressure Pipe manufactured today. corporation 
stop pull-out test provided further verification that the 
strength this pipe was way impaired. 


Summary 


The above series tests provided conclusive evidence that 
the strength, flow capacity and other physical characteristics 
the Winnipeg pipe were unimpaired after years’ service 
under severe conditions. Further, summarized the origi- 
nal report, they demonstrated that the basis the 
performance rendered date, reasonable anticipate 
life-expectancy many times that already 
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TROI 
MONEY PIPE PROTECTION 


Turn the Complete Job 


ver PIPE LINE SERVICE 


THESE SPECIFICATIONS —and Forget 


Simplify Your Selection 


Here complet 


pipe 


INCLUDES 
(1) Mechanical cleaning. 
*(2) Mechanical priming with desired primer. 
(3) Hot application desired coating. 
(4) Hot application desired coating. 
(5) One spiral wrapping of desired wrapping 
material. ups 
(6) One spiral wrapping heavy kraft paper. Satisfaction guaranteed 


every way, 
means 


urce sup. 
Write for details, 


INCLUDES 

(1) Mechanical cleaning. 

*(2) Mechanical priming with desired primer, 

(3) Hot application of desired coating. 

(4) Hot application desired coating. 

(5) One spiral wrapping of desired 
wrapping material. 

(6) Hot application of desired coating. 

(7) One spiral wrapping of heavy kraft 

paper. 


Bitumastic Regu 


COMPLETE SERVICE 


Through 
Located Plants 


Coating and Wrapping 
the Mill 
Yard Railhead 
Over the Ditch 


Pipe Cleaning Service 
Pipe Storage 


Pipe Delivery’ 


terials for you, furnishes the 
260 will pay you use this complete PLS 


mighty textile industry has developed 
from tiny skeletons. the rayon 
industry, and the skeletons are from 
vegetable cells. From humble begin- 
ning 1911, production rayon 
the United States has grown until 
reached nearly billion pounds 1947. 

Rayon made three methods 
this country, but all them are based 
cellulose the raw material. fact, 
viscose rayon, which supplies nearly 
three-fourths total production, 
nothing but cellulose that has been put 
through the mill and finally regener- 
ated. And cellulose nothing more 
than the carbohydrate skeletons 
vegetable cells the essential and 
characteristic substance the entire 
plant world, which chemical industry 
has turned into beautiful new textile 
for the human family. 

Viscose rayon may begin and end 
with cellulose, but many complicated 
chemical and mechanical steps inter- 


vene before the large molecules pulp 


can converted into the smaller mole- 


cules pure cellulose that make 
the finished filament. Briefly, the pulp 
must first treated with caustic, 
shredded, aged, “xanthated” with car- 
bon disulfide, dissolved, ripened, fil- 
tered and freed from air. The solution 
then spun acid bath, the fila- 
ments combined into yarn, purified, 
bleached, washed, oiled and dried. 
Enormous technical difficulties needed 
overcome before this process be- 
came commercial success. 


RAYON MUST PURE 


Many these steps require the use 
strong reagents that are corrosive 
ordinary materials construction. For 
instance, viscose rayon the chief con- 
sumer high-grade caustic soda. Yet 
one the absolutely indispensable 
conditions success viscose manu- 


facture freedom from the metallic 
impurities which are known inter- 
fere. For this reason the utmost care 
commonly taken rayon-producers 
lessen the danger contamination 
corrosion products. 

the course time, Corro- 
sion Engineering Section has “sat-in” 
many problems rayon production 
they are affected the need for re- 
sistant equipment. Our staff will 
glad place this fund experience 
the disposal anyone who feels that 
corrosion one the headaches 
had contend with. There obli- 
gation. Just send for copy the Cor- 
rosion Data Work Sheet, which de- 
signed clarify the essential technical 
factors that need considered. 


THE INTERNATIONAL NICKEL CO., INC. Wall St., New York 


There are these large viscose 
aging-tanks the plant one the 
largest rayon-producers the United 
States. They are approximately di- 
ameter and about twice high. For 
more than years these tanks have 
served protect viscose solutions from 
contamination impurities that would 


x 


SERVICE 


exert deleterious effect the process. 
They are constructed Lukens Nickel- 
Clad Steel and supplied with fittings 
solid nickel. The fabricators were 
Hedges-Walsh-Weidner Division 
Combustion Engineering Corporation; 
Alloy Fabricators, Inc.; Babcock and 
Wilcox Co.; and Blaw-Knox Co. 
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This Contributor 


GORMAN, Director, Representing Active Membership 


ITH this new issue Corrosion, your Association enters 
the New Year with wish for the happiness and prosperity 
all its members and their families everywhere. this greet- 
ing, desired add one two observations relative 
the progress and growth the association. 


the relatively short period five years, the progress 
made our association, growth and achievement, has 
been outstanding. The active and junior membership has 
passed 1600. The associate and corporate membership ap- 
proaching 250. Although the membership each category 
rapidly increasing, must not relax the matter mem- 
bership. The potential membership for NACE many times the 
present enrollment. Membership the responsibility each 
member the association. 


Corrosion represents loss our national economy which 
enormous. The annual costs are variously estimated bil- 
lions dollars. When the hazards incidental structures 
weakened corrosion are added the costs, the problem 
presented challenge the best there research and engineering. This Billion Dollar proj- 
ect the conservation metals, essential our national life, the responsibility the corro- 
sion engineer. Consequently, the organization and planning for NACE must scale compar- 
able with the magnitude and scope its assignment. 


Corrosion control presents wide variety projects which the development the technical 
knowledge underlying the principles corrosion, and the practical application these principles, 
require the close cooperation the research specialists and the field engineers working together 
technical committees. Several these committees are now work projects that call for top grade 
research and engineering. Since the ultimate beneficiaries are the associate and corporate members 
supporting our association, important that this committee work expanded and pursued with 
view the formulation certain principles and practices which can recommended indus- 
try guides the mitigation corrosion. 


For effective results, information relating corrosion control must disseminated throughout 
all phases industry, wherever metals are used. This can accomplished, most effectively, 
through the expansion NACE membership, and the organization local sections every 
industrial community wherever ten more members can assembled. This organization, 
which being coordinated the regional areas the regional divisions, well under way 
many the larger communities. Its extension the smaller communities equally important. 
Relative this, desired emphasize the importance the missionary well the tech- 
nical work accomplished NACE through its local section organization. 


Moreover, the association grows, the local section becomes increasingly important provid- 
ing for the personal contacts, the discussions, and the opportunities for active participation the 
association its younger members. These local activities constitute the life-blood essential 
the health and growth our association. 
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CORROSION 


non-profit, scientific and research association in- 
dividuals and companies concerned with corrosion 
interested it, whose objects are: 


(a) promote scientific research determining 
the causes corrosion and methods its control 
with respect theory and practice. 


(b) provide means exchange knowledge 
and ideas among those individuals actively engaged. 
the control corrosion. 


(c) promote methods corrosion. 


(d) promote standardization terminology, 
methods, equipment and design the development 
methods corrosion control. 


(e) foster cooperation between individual own- 
ers metallic structures the solution their joint 
corrosion problems. 


incorporated association without capital stock, 
chartered under the laws Texas. Its affairs are governed 
Board Directors, elected the general member- 
ship. Officers are nominated (1) the Board Directors, 
(2) quorum least members, and elected 
the membership. 

Inquiries regarding membership, and all general corre- 
spondence should directed the Executive Secretary 
the administrative headquarters the National Associa- 
tion Corrosion Engineers 905 Southern Standard 
Building, 711 Main Street, Houston Texas. 


New York, New York 
Houston, Texas 
Houston, Texas 


Southern Standard Building 
Houston Texas 


President 


The International Nickel Co., Inc., New York, 


Vice President 


Shell Pipe Line Corp., Houston, Texas 


Treasurer 


Shell Pipe Line Corp., Houston, Texas 


Representing Active Membership 


Consolidated Edison Co. New York, Inc., 
New York, 


The Ohio State University, Columbus, Ohio 


Commercial Solvents Corp., Terre Haute, Ind. 


Representing Corporate Membership 


Union Oil Co. California, Wilmington, Calif, 

Sun Oil Corp., Philadelphia, Pa, 


Chicago Bridge Iron Co., New York, 


Representing Associate Membership 


The Stearns Co., Shreveport, La. 

The Holcombe Co., Shreveport, 


Johns-Manville Sales Corp., New York, 


Representing Regional Areas 


Ebasco Services, Inc., New York, 

Loyola University, Chicago, 

Texas Pipe Line Co., Houston, Texas 

Southern Counties Gas Co., Los Angeles, Calif. 


American Cast Iron Pipe Co., Birmingham, Ala. 


Directors Officio 


OLSON, Past President, 1947-48 


United Gas Pipe Line Co., Shreveport, La. 


TRUEBLOOD, Chairman, 
Policy and Planning Committee 
Bell Telephone Laboratories, Inc., New York, 


MEARS, Chairman, 
Technical Practices Committee 
Steel Corp., Pittsburgh, Pa. 
IVY PARKER, Chairman, Publication Committee 


Plantation Pipe Line Co., Bremen, Ga. 


President, 
Panhandle-Eastern Pipe Line Co., Kansas City, Mo. 
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During and After 


HEN PIECE steel immersed solu- 
tion acid with which reacts liberate 
hydrogen, some part this hydrogen enters into, 
may even pass through the steel. the other 
hand, when such piece removed from the solu- 
tion and held air, the hydrogen which contains 
diffuse out. Since the presence large 
concentration hydrogen may have significant 
influence the properties the steel, knowledge 
desirable. For convenience, these processes may 
divided into two classes, stationary non-stationary. 
The stationary state may associated with the 
passage hydrogen through diaphragm; condi- 
tions are maintained constant, the rate passage 
usually becomes constant (stationary) after suffi- 
cient time. This state described the permeability 
constant permeability, desig- 
nated which the quantity 
hydtogen (cc NTP) transferred 
one second through diaphragm 
section. This permeability may 
expected depend upon tempera- 
ture, the nature the steel and the 
boundary conditions, the latter 
including the nature the surface 
and, the acid medium contact 
with one side; might also depend 
upon the nature the gas the 
other side and the thickness 
the diaphragm. 

The non-stationary state asso- 
ciated with the rate which solid 
steel object absorbs when 
immersed acid solution, 
loses hydrogen when subsequently 
removed from the acid. This non- 


mmersion 


DR. LAWRENCE DARKEN and DR. RODNEY SMITH 


ary conditions and the diffusion “constant” dif- 
fusivity, designated This diffusivity defined 
Fick’s Law which for the linear case with constant 
diffusivity may written 


ot I Ox? 


where distance, time and concentration. This 
law essentially statement that any hydrogen 
which enters small volume element either comes 
out stays there. The diffusivity general depends 
upon temperature, the nature the diffusing sub- 
stance, and the nature the medium. Occasionally 
tunately this cannot assumed without proof, 
that the diffusivity hydrogen steel must re- 
garded function temperature, the nature 


DR. RODNEY SMITH 


stationary diffusion phenomenon 
usually described the bound- 


*% A paper presented at the Annual Meeting 
of NACE in St. Louis, Mo., April 5-8, 1948. 


DR. LAWRENCE DARKEN 
Physical chemist for United States Steel Corpo- 
ration, Kearney, J., since 1935, Dr. Darken 
held two fellowships Yale University from 
which received his Ph.D. 


Physical chemist for United States Steel Corpo- 

ration since 1940, Dr. Smith’s Ph.D. from Yale 

where was instructor chemistry, Sterling 
Chemical Laboratory, 1928-39. 
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the steel and the amount hydrogen present the 
moment. 

Experiments described here were therefore two 
principal types, one designed measure the perme- 
ability steel hydrogen, the other measure the 
saturation concentration and diffusivity hydrogen 
steel, each case with particular reference fac- 
tors associated with the solution which the steel 
was immersed. 


Experimental 


Diaphragm type measurements were made 
manner similar that described the literature. 
The method consists essentially exposing one side 
steel diaphragm acid (or other aqueous) 
solution and collecting and measuring the hydrogen 
which diffuses through and out the other side. 

Discs (usually 1.5 inches diameter) were used, 
disc was mounted between two rubber washers, the 
lower which was encased lead foil carefully 
spun fit that hydrogen would lost 
diffusion through the rubber; very small amount 
beeswax-rosin cement was used this lead foil 
prevent leakage. The glass cylinder containing the 
acid solution and connected the main reservoir 
the bottle, was ground and tapered the lower end 
that well defined area contact between acid 
and specimen was obtained with minimum attack 
“wedge effect.” The diffused hydrogen was measured 
displacement butyl phthalate from the glass 
bulb into the calibrated burette. The usual procedure 
was mount the disc the head, attach the burette 
(by cement), fill the burette nearly the top with 
butyl phthalate, and place the assembly air 
thermostat overnight test for leakage; visible 


Specimen 
Brass 

Solution 


Buty! Phthalote 
Mercury 


Figure sketch apparatus for measuring (1-A) perme- 
ability hydrogen through steel disc, contact one side with 
acid solution, (1-B) amount hydrogen evolved specimen which 
had been immersed acid solution. 
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change position the meniscus was detected 
this period, the assembly was considered tight. The 
glass tube was then partially filled with nitric acid 
and left one minute etch the specimen, 
which was then rinsed with distilled water but not 
dried. Part the acid (or other) solution used 
was then added; time was counted from this point. 
The inverted bottle was then placed position and 
the remainder the solution (previously brought 
the proper temperature) was added through the over- 
flow outlet. The whole assembly then was replaced 
air thermostat, and the rate permeation fol- 
lowed measuring the position the butyl phtha- 
late meniscus the burette. the amount evolved 
(as well diffused) hydrogen was measured 
the solution was brought this outlet; the 
evolved hydrogen was measured displacement 
the solution (the vent being closed) which was re- 


graduated cylinder. The experiment was 


continued from day several weeks, duration 
depending rate attack and permeability. 


The electrical potential the steel specimen 
the solution was measured attaching wire the 
brass head and inserting silver chloride half-cell 
the overflow outlet. Potential 
against hydrogen electrode (the latter the same 
solution the steel specimen) also was determined. 
Potential the specimen against hydrogen elec- 
trode the same solution was obtained subtrac- 
tion these two potentials. Direct measurement 
this potential was not made because rather cum- 
bersome and the hydrogen electrode subject 
poisoning the products reaction steel with 
acid, 

order that the method described should success- 
fully measure the permeability and potential under 
well defined conditions, several precautions must 
taken; among them are: 


The acid (or other solution) must stay essen- 
tially fixed concentration. Insofar possible the 
solution was changed frequently deemed 
necessary. Its pH, which was followed regularly, 
was held constant within 0.1 unit where possible 
the case strongly acid solutions, used only 
over few hours, this was possible frequent 
changes during the day. solutions high 
was easily achieved daily change. some 
cases period greater than day was required 
and the overnight change was somewhat 
greater than desired; few such cases the 
potential the specimen was measured directly 
against hydrogen electrode and found differ 
only few millivolts from that observed when 
fresh solution was added. 


The precentage change thickness the dia- 


phragm should not excessive. Pitting par- 
ticularly bad, because leads uncertainty 
the value taken for average thickness. 
minimize this error, thicker diaphragm was 
used for stronger acids. solutions inter- 
mediate (about even thin diaphragm 
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has long life, yet its permeability may 
measured with some precision. 

The thickness the diaphragm should small 
compared its diameter order that the loss 
hydrogen from the edge insignificant. For 
steel which dissolves rapidly acid, the only 
way which this and the foregoing condition 
can met proper selection pH. 


The measurement solubility and diffusivity 
simple principle. The specimens (usually cylindri- 
but sometimes the form disc sheet, the 
being coiled) were cleaned short treatment 
vith nitric acid 3), then rinsed and immersed 
the selected solution. iron wire for measure- 
ment electrical potential was soldered one 
nore the group immersed simultaneously. 
wire was covered with tubular rubber insu- 
the end nearest the specimen and the solder 
being coated with rosin-beeswax mixture that 
neither wire nor solder came into contact with the 
appropriate intervals* one specimen was 
removed, rinsed successively distilled water, alco- 
hol, acetone and ether; was then placed spe- 
cially designed burette (1B Figure which was 
filled with mercury; the burette was then inverted 
and the open end placed beaker mercury 
that the hydrogen evolved the specimen was col- 
lected displacement mercury. These operations 
were performed rapidly consistent with thor- 
ough rinsing (about one minute) and with care that 
air bubbles were entrapped the burette. Because 
large range hydrogen content was covered, 
was necessary have considerable range diam- 
eter the top portion measure the hydrogen, 
well variety sizes and styles the bottom 
portion accommodate the specimen. schematic 


Usually several such burettes, each containing 
specimen, were placed single beaker mercury. 
the rate evolution 35° was followed, 
the assemblage was placed the air thermostat, and 
the position the mercury meniscus well the 
barometer and the height the mercury column 
the burette was measured appropriate intervals. 
only the total amount evolved was measured, 
the assemblage was left overnight electric hot 
plate, heated and held 170° little ceresin wax 
was placed the mercury prevent its evaporation. 
Preliminary investigation indicated that four five 
hours this temperature not 
more than percent more hydrogen would 
evolved even the time range was much three 
days. Many specimens were held for two days 
170° The final amount hydrogen was the same 
after overnight treatment. 

high temperature vacuum extraction apparatus 
was available that gas could extracted from the 
but, this method was time-consuming, only rela- 


* Since the amount of hydrogen absorbed was usually proportional 
to the square root of time up to saturation, the time intervals selected 
were such that the square root of time of immersion was equally 
spaced, e.g. a specimen would be removed at 1, 4, 9, 16 hours. 
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tively small number specimens were 
this “hot extractor.” 

Throughout this article the unit adopted for ex- 
pressing hydrogen content cubic centimeters 
hydrogen under standard conditions per gram 
steel (cc/g). mill practice hydrogen content usu- 
ally expressed percent. The conversion may 
made readily the following relation: hydro- 
0.0112 volumes per volume. 

The range covered this report approximately 
from 0.6 cc/g from 0.0001 0.005 percent. 
noted that the usual residual hydrogen 
commercial steel the vicinity the lowest hy- 
drogen content this investigation and that highest 
hydrogen content (after acid immersion) roughly 
ten hundredfold residual hydrogen content 
commonly found finished steel. 

Composition the gas evolved temperatures 
170° from number samples previously 
immersed acid was determined analysis 
micro-apparatus. Gas collected room temperature 
was not less than percent and averaged percent 
hydrogen, the balance being principally hydrocarbons 
and nitrogen. That collected 170° was not less 
than percent hydrogen. All these analyses were 
made gas from specimens which yielded more 
than 0.1 (NTP) gas per gram steel. possible 
gas from specimens yielding smaller volume might 
have contained less hydrogen but seems safe 
conclude that all experiments here reported the 
gas collected temperatures 170° was 
essentially hydrogen. 


The gas collected the hot extractor 450° 
(all specimens analyzed the hot extractor previ- 
ously had been heated 170° C.) contained smaller 
percentage hydrogen, ranging from per- 
cent and averaging about percent. Subsequent 
extraction still higher temperatures yielded rela- 
tively small amounts gas which frequently con- 
tained little percent hydrogen. 


the several dozen specimens treated the hot 
extractor, all yielded residual hydrogen content 
(i.e. hydrogen remaining after the 170° extraction) 
between 0.003 and 0.03 per gram and averaging 
very nearly 0.01 per gram. Seldom did the 18-hour 
170° extraction fail yield least percent 
the hydrogen which could extracted vacuum 
temperatures 800° This may appear surpris- 
ing view statements the literature the 
difficulty removing residual hydrogen from steel 
however, remembered the hydrogen content 
induced acid pickling large compared that 


Table Alternate Extraction (600° Hours) and Exposure 
Air 2-inch Length Round (27 grams). 


Ist 2nd 3rd 
Original Reextrac- | Reextrac- | Reextrac- 
Extraction 
cc (NTP) of gas...... 0.155 
25 
(by diff.)....... 


The 
used 
tha- 
ured 
tof 
was 
tion 
ent 
tly 
fer 
ia- 
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normally present finished commercial product. 

advantage extraction 170° over higher 
temperature that water the surface evapo- 
rated and recondensed the usual method, whereas 
high temperature such water way react with iron 
carbon, thus yielding fictitiously high hydrogen 
content. minimize this source error, all speci- 
mens run the hot extractor first were sanded 
filed smooth finish. Even so, such specimen 
were extracted 600° until further gas was 
given off (in one-hour period), was found that, 
were exposed air and then reextracted, appre- 
ciable gas was evolved. the case one specimen 
inch round) this alternate extraction and expo- 
sure air (humidity about percent) was repeated 
three times, with the results shown Table The 
data the first column refer the rod “as re- 
ceived had had additional acid 
treatment. the short time allowed for exposure 
air these gases hardly could diffuse into the interior 
the specimen, consequently seems safe con- 
clude that the amounts the last three columns 
represent gas absorbed the surface the reaction 
products thereof, for the apparatus blank only 
about 0.002 cc. Although the hydrogen evolved 
reextraction corresponds only 0.002 per gram, 
the sample quite massive compared sheet. 
properly may assumed that this all 
surface adsorption, then the amount adsorbed 
0.004 per sheet 0.01 thick this corre- 
sponds 0.1 per gram, reasonably large amount. 


similar experiment was performed some low 
carbon sheet (hot rolled); the specimen weighed 
grams and was 0.05 thick. Surface adsorption 
amounted 0.003 hydrogen per Another 
similar experiment with hot rolled rod yielded 0.002 

hydrogen per Such error may avoided 
partially heating sheet samples first low tem- 
perature the hot extractor and discharging the 
water vapor before raising the temperature. 


Reproducibility 


Although general idea reproducibility any 
the series experiments may estimated from 
the departure individual points from 
smooth curve, few special experiments were run 
check the reproducibility. 

set ten 2-inch lengths rounds 
ingot iron (commercial Armco) were immersed 
normal sulfuric acid. These were removed pairs 
various times and the hydrogen extracted the 
usual manner, with the results shown Table II. 
From these data seems safe conclude that steel 


Table Reproducibility Absorption and Extraction Hydrogen: 


Amount Absorbed 
Hydrogen (cc NTP 

Average Weight per Gram) 

of Specimens | 


(Grams) 


Time of Acid Immersion, 
(Hours) 
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Figure 2—Amount hydrogen absorbed (cc NTP per gram steel) 
plotted against square root (period immersed seconds); lower 
curve, ingot iron upper curve, SAE 1020 bar 10N 
rounds, NTP per gram 0.00899 H.) 


specimens from the same rod, identically treated 
(with respect acid immersion), absorb essentially 
the same amount hydrogen within rather small 
limit error. However, when they 
(amount hydrogen versus square root time), 
Figure (lower curve), the departure the second 
pair from the smooth curve greater than might 
expected from the agreement the pair with each 
other; this departure possibly can attributed 
depletion the acid despite frequent changes, the 
acidity being slightly less the time this pair 
samples was removed. departure greater than 
0.01 per gram was found. 


similar series cylindrical specimens, this time 
commercial SAE 1020 cold rolled bar, was im- 
mersed normal solution for various 
times. The plot the data Figure (upper curve) 
shows that the points fall smooth curve well 
within 0.01 per gram. Slightly greater discrepancy 
from such smooth plots some the results subse- 
quently presented probably ascribed either 
depletion acid the use steel specimens 
which were nominally but not actually identical. 

Precision the permeability measurements best 
judged from long time measurement. strongly 
acid solutions the time was limited the rapid dis- 
solution the diaphragm. For example, steel dia- 
phragm originally 0.095 thick was exposed 
one side (exposed area, 5.74 normal H,SO, 
35° C.; after one day hydrogen was transmitted 
the rate 0.151 per hour and the average thick- 
ness (as estimated from the evolved hydrogen) was 
0.0795 cm; the third day the rate transmission 
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had increased 0.195 per hour but the mean 
thickness had decreased 0.0636 cm. The perme- 
10° (NTP) per cm? per sec. per thickness 
for the second and third days, respectively. 
meability experiment three weeks’ duration was 
performed using buffered solution con- 
tact with one side cold rolled (SAE 1020) disc. 
After allowing few days for establishment steady 
state, the rate transmission hydrogen was 0.035 
per hour for the first week, 
which decreased 0.030 per hour 
for the second, and 0.028 per hour (P= 
for the third week. Thickness the 
specimen decreased from 0.0960 0.0950 
measured the change mean thick- 
ness (from weight loss) was 0.003 cm. Numerous 
other permeability experiments were continued for 
comparable length time, the variation per- 
measured permeability was comparable the 
case cited. Several series results are shown graphi- 
Figure 

Che effect size specimen was determined 
permeability and diffusivity types experiment. 
the permeability measurements the rate trans- 
mission hydrogen was expected inversely 
proportional the thickness the diaphragm (other 
things being constant). The discs used were cut (at 
right angles direction rolling) from 
cold rolled steel bar (SAE 1020). The acid solution 
was 4.4. The rate transmission hydrogen, 


ted through area 5.9 6.2 during the second 
week given Table III, which shows that al- 
though the permeability (which may regarded 


the transmission rate corrected for thickness) not 
found experimentally identical all cases, the 
variation comparable the reproducibility the 
measurements. 

Bardenheuer and Thanheiser' carried out exten- 


10 
Figure 3—Amount hydrogen scale 4.27 cc) passing 
through steel disc contact with acid solution plotted against 
time days, (measurements mm.) 


Disc 

Original Diameter 

Curve Solution Thickness Contact 
6.25 0.965 27.6 
5.47 0.965 29.0 

4.33 0.960 27.5 

10N 0.957 27.0 
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sive investigation the permeability hydrogen 
through diaphragms “ingot steel” (of the com- 
position C0.09 percent, Mn—0.39 percent. 
percent, percent, percent) which 
were exposed one side sulfuric acid solution 
(387 grams per liter) 25° The permeability (as 
calculated from data presented graphically) 
follows: 

Thickness (mm) 


0.75 1.5 


2.0 

There drift with thickness, and this fact 
taken indicate that the measured permeability 
true permeability the sense that the resistance 
transmission hydrogen lies the steel itself 
and not localized the surface any appreciable 
extent. 

series tests was performed rods different 
diameter made machining all specimens from the 
same round; the final diameters inches 
were 3/8, 3/16, 3/32, 3/64. They were immersed 
buffered solution 3.2 for various times. The 
results are shown Figure where volume 


Table Permeability Cold Rolled Steel Diaphragm Immersed 


Rate of | 


Transmission Permeability 
Thickness of Disc, mm | ec/Hr. | P 


100 200 300 th 500 600 70°0 
Figure 4—Amount hydrogen (cc NTP per gram) absorbed 
cylinder diameter (A) (B) 3/16-inch; (C) 3/32-inch; (D) 
3/64-inch from solution pH32 plotted against square root time 
immersed (seconds); Inset: Plot square root time for saturation 
against diameter specimen. NTP per gram H.) 
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hydrogen per gram shown function square 
root time. Note that linear relation indicated 
until saturation reached, and this solubility the 
same all. permeability independent size, 
the slope each these lines would inversely 
proportional the diameter the round; that this 
may seen from the inset this figure. This 
regarded conclusive evidence the hydrogen ab- 
sorbed truly absorbed into the interior the steel 
and the experimental error due surface adsorp- 
tion small. 

The distribution hydrogen during steady state 
permeation cannot determined section and 
analysis the diaphragms since hydrogen would 
lost the process. However, total hydrogen content 
was determined (as function time) for discs only 
one side which had been exposed acid. Steel 
specimens (discs thickness—of SAE 1020 
steel) were waxed the edge and inserted 
rubber socket. One side then was exposed molal 
citric acid the other air. The hydrogen content 
shown graphically Figure (lower line) and com- 
pared therein similar data for fully immersed discs. 
Note the saturation value for the half exposed 
percent great for the fully exposed discs. 
This direct evidence that the diffusion hydrogen 
“abnormal” because the hydrogen content varied 
linearly from one side the other the half exposed, 
the steady state hydrogen content would clearly 
only half great for the fully exposed specimens. 


steady state almost certain the true driving 
force (as distinguished from concentration gradient) 
indeed constant. now assumed that the 
permeability proportional the gradient the 
lattice-dissolved hydrogen (C,), that is, that the true 
diffusivity constant (for the same steel 
the same temperature), then the form the relation- 
ship between total hydrogen (Cs) and may 
found from the data Table because, the 
shown Figure the assumptions above are 
correct, the abscissa this diagram also may 
regarded being proportional distance the half 
exposed disc. this basis, would predicted 
that the steady state hydrogen content the half 


Hydrogen-— cc/g 


100 200 300 400 $00 


Figure 5—Comparison measurement permeability 
through similar discs exposed both sides (upper) and one side 
only (lower) molal citric acid 35° NTP per gram 
0.00899% H.) 


exposed disc would considerably greater than half 
that the fully exposed disc—in fact, the area under 
this curve corresponds percent the saturation 
value whereas direct measurement (Figure 
was percent. This agreement regarded very 
satisfactory and leaving doubt that the concen- 
tration hydrogen the cold worked diaphragms 
means linear steady state but must 
the general form shown Figure 

The rate evolution absorbed hydrogen was 
found slower than the rate absorption. 
the ordinary type diffusion proportional Cs) 
the two rates are the same; but already pointed 
out, steel not proportional (Figure 6). 
utilization the type reasoning discussed 
the Appendix may shown that the ratio out- 
going ingoing rate hydrogen related the 
type the curve. the ratio the shaded 


Table IV. Solubility and Permeability Hydrogen SAE 1020 


Solubility 

Solution cc NTP/g 
pH E Cs A=C,/Vts P=2.20 A/vt. Log P 
1.28 0.225 0.371 0.00098 5.7 x 10-6 —5.24 
3.16 -200 .317 .00065 3.0 x 10-6 —5.52 
5.43 .168 22 00029 0.85 x 10-6 —6.07 
7.09 ae (.04) 00005 .12 x 10-6 —6.92 
8.04 050 (.008) 10-6 


Figure 6—Saturation concentration plotted against the perme. 
ability This same plot also may regarded showing the rela- 
tion between the concentration hydrogen and distance during steady 
state permeation diaphragm, NTP per gram 0.00899% 
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area the sum the shaded and cross-hatched 
areas (Figure designated 


where the ingoing slope (ie. Cs/Vts) and the 
initial outgoing slope. 0.5 (ideal case) then 


0.2 


noted previously this ratio areas (F) identical 
with one minus the ratio steady state hydrogen 


content half exposed and fully exposed dia- 
0.83 


whence 2.4. The experimental com- 
parison with identically the same steel shown 
Figure the ratio initial slopes observed 2.2 
good agreement with that calculated. 

\lthough this case the initial rate evolution 
absorbed hydrogen half the initial rate ab- 
sorption obvious from Figure that very long 
indeed would required for nearly complete 
lution the hydrogen, e.g. only percent the 
hydrogen was lost this specimen four 
although this amount was absorbed eight 
hours. Several such comparisons ingoing and out- 
going rates were made; all were similar that the 
rate was much smaller than the ingoing 
35° Another typical example, cylindrical 
specimens diameter), similar those 
used the series, immersed buffer solution 
3.25, shown Figure The evolution rate 
was measured the final sample the absorption 
rate series which subsequently was extracted 
170° give the value shown. Five days were 
required for loss half the hydrogen 35° 
whereas only seven hours were required for the 
absorption half. Another example included 
Figure 

This slow rate loss the final traces hydro- 
gen accord with the behavior already discussed. 


Hydrogen 


Figure 7—Comparison rate absorption hydrogen from solu- 
tion molal citric acid with rate evolution (lower curve) both 
36° NTP per gram H.) 


Hydrogen 


8—Comparison rate absorption from solution 3.25 
with rate evolution (lower curve) both 36° 
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amount total hydrogen decreases the amount 
lattice dissolved hydrogen (the gradient which 
the driving force) decreases much more rapidly, and 
thus escape very slow. 

order determine whether the evolution rate 
sensitive the medium which evolution occurs, 
two similar specimens round were im- 
mersed molal citric acid until saturated, deter- 
mined previous tests. One was placed burette 
containing mercury (regarded inert environ- 
ment), the other similar burette containing 
aqueous sodium carbonate solution. Both were placed 
water bath the boiling point; the actual tem- 
perature the mercury was 95° and the solution 
90° The course evolution the two cases 
depicted Figure 10; the slight difference probably 
note that extraction these specimens 170° 
yielded further only 0.001 (NTP) /gr.; hot ex- 
traction temperatures 600° yielded further 
only 0.01 per gram compared 0.34 per 
gram evolved 90-95° 


further test whether immersion water 
more effective than air both the same tempera- 
ture (100° C.), separate series experiments was 
performed. Specimens cold rolled steel rod were 
immersed molal citric acid until saturated. Those 
one set, removal from the acid (and rinsed) 
were held boiling water for various times, then 
inserted the usual burettes and extracted 170° 
The other set, removal from the acid, was placed 
empty test tube immersed boiling water, 
again for various times, and then similarly extracted. 
The amount hydrogen removed either treat- 
ment 100° was determined the difference 
between the known initial and measured final con- 
tent. These results are shown Figure and com- 


100 200 300 500 600 


Figure 9—Comparison rate absorption (curve 35° with rate 
evolution (B) 35° into mercury and (C) into air and (D) water bath 
100° 
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pared with the rates absorption and evolution 
35° The difference between water and air-treated 
specimens not large, and may attributed the 
fact that considerable time was required heat the 
specimens 100° air. 


100 250 360 


Figure 10—Rate evolution from similarly treated 


mersed mercury 95° (upper) and carbonate solution 90° 
(lower curve). NTP per gram 0.00899% H.) 


LOG 
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of 
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Figure permeability plotted against potential against 
hydrogen electrode, for (A) low carbon strip 35°; SAE 1020, (B) 
measured directly 35° (C) calculated from mathematical theory; 
(D) measured 75° The slope line drawn empirically, 0.059; 
the theoretical slope 0.061. 


Figure 12—Comparison direct (lower) and indirect (middle) meas- 
urements permeability; the steep curve represents direct results from 
data deBoer and Fast. 


Effect Factors Relating the Solution 


Effect acidity (pH) permeability was deter- 
mined use citrate-phosphate buffer solution 
well sulfuric acid. The diaphragms were from 
the same round SAE 1020 steel those used pre- 
viously. The observed permeabilities are given 
Table and plotted Figure 11. The runs with 
sulfuric acid were not entirely satisfactory since the 
diaphragm (of this particular steel) was largely con- 
sumed and thus gave ever increasing rate 
transmission, that was impossible 
whether steady state was ever attained’; the data 
the table pertain conditions when the diaphragm 
was eaten nearly half through; the permeability 
listed was calculated from the thickness this time 
estimated from the amount dissolved iron. The 
run with 7.97 yielded erratic rate transmis- 
sion; the value given for average. All other 
runs were quite satisfactory that uniform steady 
state was attained, and the rate transmission was 
followed for long time (three days for citric acid, 
three weeks for all others). Some the original data 
are plotted Figure 


assumed that the electric potential (E) 
measure hydrogen over-voltage, then the fugacity 
for ideal gas), hydrogen the 
surface exposed the solution related 
the equation (at 35° C.) 

0.0611 log 
further, the permeability proportional the 
square root fugacity the range covered, 
proportional the square root pressure 
1000 atmospheres higher temperatures, then 

where the permeability the diaphragm 
hydrogen atmospheric pressure. this equation 
slope The observed slope the line 
drawn Figure 0.059; the agreement well 
within experimental error judged from the depar- 
ture individual points from the line. 

Similar data 75° are included Figure 
The observed slope 0.064, and the theoretical 
0.069. 

Figure the above permeabilities are plotted 
against pH. Also included Figure are the indi- 
rectly determined permeabilities discussed 
next section and the data DeBoer and Fast. 

The effect solubility and permeability 
was measured 2-inch lengths 3-inch round 
cold rolled SAE 1020 steel, immersed citric acid 
and citrate-phosphate buffer solutions. The results 
are shown graphically Figure 13. The specimens 
turned green after the last point recorded 


Table Permeability (P) 35° 


Solution pH E P x 106 Log P 
Molal citric acid.......... 1.37 0.240 6. (5.0-6.9) —5.22 
Citrate-phosphate buffer... 4.40 0.210 1.04 —5.98 
Citrate-phosphate buffer...) 5.44 0.185 0.75 —§.12 
Citrate-phosphate buffer... 6.25 0.154 0.24 —6.62 
Citrate-phosphate buffer... 6.58 0.145 0.16 —6.80 
Citrate-phosphate buffer... 7.02 0.093 0.006 —8.22 
Citrate-phosphate buffer... 7.79 0.077 0.008 —8.1 
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the figure, and the hydrogen content subsequent 


samples was very much lower than that the last 
shown. The data are summarized Table 


The permeability here tabulated calculated from the slope, 


s 


taken from the appendix, inserting equation the rela- 


insertion the numerical value the radius, 
10; the slope 0.063 again good agreement with the 
theoretical value 0.0611. The solubility, (i.e. steady state 
concentration hydrogen) also shown function 
Figure 14. 


The effect temperature permeability was 
similar manner except that water 
thermostat was used for higher temperatures and 
ice-water for The steel discs were from the 
same bar those used the series. The results 
are shown Table VI. 

effect also was investigated Bardenheuer 
described previously, 1.2 thick, exposed one 


Table VI. Hydrogen Permeability (Steel SAE 1020) Function 
Temperature. 


Temperature..... o° 35° 55° 75° 
Solution Pxi06 E Px106 E Px106 E Px106 E 
Normal H2SO4..... 5.2 0.288} 23. 0.256 78. 0.244 
Mola! citric acid. . . 6. 0.240 34. 0.219 
1.04 1.31} 0.171 1.46} 0.132 


Figure 13—Amount hydrogen absorbed similar specimens im- 
mersed solution (A) 7.92; (B) 7.09; (C) 5.43; (D) 3.14; (E) 
plotted against square root time immersion. NTP per 
gram H.) 
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side sulfuric solution (387 gr. per liter), with the 
following results: 


18.6 


2.03 2.56 3.93 5.16 9.1 


The temperature coefficient about the same the 
two cases—the permeability doubles for about 20° 
rise temperatures (except the case the 
4.4 solution where there large change E). The 
absolute values found Bardenheuer and 
Thanheiser are considerably smaller than those en- 
countered these investigations (using sulfuric 
acid) whereas they might expected larger 
the stronger acid; this discrepancy probably lies 
the nature the steels. Again 75° (as well 
35° C.) the plot log vs. linear and has nearly 
the theoretical slope—as shown Figure 11. Extra- 
polation these two lines Figure 
would thus yield value the permeability this 
steel hydrogen one atmosphere pressure. 


This extrapolated permeability (using the line with 
the theoretical slope) compared with the extrapola- 
tion Smithell and Ransley’s? data for high tem- 
perature (400 800° C.) the following table, and 
Figure 15. 

Log Permeability, and Atm. Hydrogen, 
Extrapolated from 


Temp. This Investigation S&R 


One set measurements non-steady state dif- 


Figure 14—Direct measurements and relation pH, and 
indirect evaluation (middle curve) derived from rate 
and 
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fusion was made 100° rounds im- 
mersed normal sulfuric acid for various periods. 
These results are shown Figure and compared 
with the line representing similar experimental re- 
sults 35° anticipated, hydrogen was absorbed 
more rapidly 100° C.; the upward curvature 
undoubtedly caused the very rapid attack the 


-7 


LOG P 


Figure 15—Log (permeability atm.) plotted against 
1000/T, extrapolated atm. pressure from measurements this 
investigation (lower curve) and lower temperature from measure- 
ments atm. and 400-800° Smithells and Ransley. 


100 200 wo 


Figure 16—Comparison rate absorption 100° (upper curve) 
and 35° NTP per gram 0.00899% H.) 
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acid the specimens—the last which was about 
percent consumed. Roughly may said that 
given time this specimen absorbed twice much 

The effect inhibitors permeability was 
marked. Only two inhibitors, quinoline ethiodide 
(0.1 percent) and “Nep No. 22” were tried, both with 
normal H,SO,; several different steels 
were used. Both these inhibitors reduced the perme- 
ability very low value, compared that for the 
uninhibited acid. numerical data are given since 
both permeability and electric potential were very 
erratic. 


one case 0.02 percent Nep was added the 
middle permeability experiment; the permeabil- 
ity decreased from 1.8 less than 0.01 10°. 
The potential dropped from 0.21 about 0.18 volt; 
but this drop about 0.03 volt not sufficient 
account for the observed decrease permeability. 

was found, few isolated experiments, that 
the use Nep normal H,SO, 35° Addition 
ferrous sulfate was found have significant 
effect either the electrical potential the amount 
hydrogen absorbed. 


Influence Cold Work and Annealing 


The effect cold work the solubility hydro- 
gen was found very pronounced. This effect 
was not discovered until the investigation was half 
completed, and hence part the work com- 
pletely masked obliterated other effects. The most 
complete investigation was conducted means 
the non-steady-state method. quantity hot rolled 
rod (0.503-inch diameter) the following analysis 
was procured: 0.15 percent; Mn, 0.38 percent; 
0.014 percent; 0.035 percent; Si, 0.14 percent; 
(by hot extraction 500° C.), 0.001 NTP per 
gram. This rod which was above 900° during all 
hot working operation, hereafter referred 
“green rod.” was pickled for minutes about 
90° percent H,SO, solution, and baked three 
hours about 250° C.; was then cold reduced 
five steps means commercial wire drawing dies, 
with intermediate anneal. portion was cut off 
after each reduction; the diameters and total percent 
reduction are follows: 


Percent 
Diam. (inches) Reduction 
Green Rod 0.503 
After Ist reduction 16.5 
After 2nd reduction 30.6 
After 4th reduction 60.8 
After 5th reduction 75.9 


Two-inch lengths each were treated 
sulfuric acid for various lengths time, and the 
hydrogen absorbed was determined the usual 
manner, with results shown Figure 17. The time 
required for saturation the more severely cold 
worked specimens was long that the specimen was 
nearly consumed before was saturated with 
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these cases, the saturation was measured 


similarly but specimens whose centers had been 


drilled out. These were run duplicate, one each 


pair was immersed acid for about twice long 
the other make certain that saturation was at- 
tained; the saturation values thus determined are 
shown Table VII. Remainder the data are pre- 
sented graphically Figure and Table VIII. 

Note the calculated permeability remarkably 


constant—the greatest deviation from the mean being 


less than percent—and certainly shows trend; 
microvolts electrical potential. This permeability 
smaller factor ten than that found for 
somewhat similar steel immersed the same acid 
the series. Clearly this difference not caused 
degree cold work, because has been shown 
here that the permeability independent this 
The difference must ascribed either 
small difference composition heat treatment 
difference some unknown factor. 

effect annealing subsequent cold work 
proved much less than was anticipated. Some 
the percent cold reduced bar used cold reduc- 
tion series was annealed hours 840° was 
then immersed normal H,SO, for various lengths 
The hydrogen contents are shown Figure 
and compared with those for the annealed and hot 
rolled material Figure 17. was astonishing that 
this annealed material did not behave all like the 
original hot rolled material. Although saturation was 
not attained (the acid attack being too severe over 
the very long times required) can estimated 
that greater (but probably not much greater) 
than 0.30, and hence the permeability less than 
shown Table VIII. Thus although 
cold reduction did not alter the permeability, anneal- 
ing decreased factor five least. 


Interpretation Results 
The diffusivity (D) may regarded under given 
conditions measure the time required for 
specimen given size absorb given fraction 
the hydrogen would absorb very long time. 
the case constant boundary conditions and zero 
initial amount hydrogen the steel, the solution 


Table Vil. Determined Drilled Samples. 


cc (NTP) Hydrogen per gram—C, 


After 30 Hrs. After 50 Hrs. 
After 2nd reduction.............. 0.120 0.117 
After 3rd reduction. ............. 175 172 
After 4th reduction. ............. .278 .287 


* Times of acid immersion were 18 and 36 hours. respectively. 


Table Vill, Cold Reduction Series Normal Sulfuric Acid. 


. 
0.234 (0.82 x 10-4) (175) (1.28) x 10-6 
After lst reduction. .... .240 1.45 x 10-4 385 1.26 x 10-6 
After 2nd reduction.... . -241 2.41 x 10-4 490 1.36 x 10-6 
After 3rd 3.09 10-4 564 1.18 10-6 
After 4th reduction. .... .248 4.22 x 10-4 587 1.29 x 10-6 
After 5th reduction... .. .254 7.08 x 10-4 565 1.23 x 10-6 
After 5th reduction 
eee .225 2.72 x 10-4 1100 0.24 x 10-6 


Hydrogen— 
° 


Figure 17—Effect cold reduction rate hydrogen absorption 
and Cs; stock immersed 35° C.; green rod 
diameter. NTP per gram 0.00899% H.) 


Figure 18—The effect cold drawing (75.9%) and subsequent 
anneal (64 hours 800° C.) hydrogen absorption and wire stock 
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Fick’s equation (for similarly shaped specimens) 
such nature that the concentration hydrogen 
any given point (and hence the ratio total 
hydrogen the limiting amount) function Dt/a? 
where linear dimension the steel (for exam- 
ple, may taken the radius sphere cyl- 
inder the thickness slab sheet). For the 
case the cylinder (of great length compared 
radius) and the slab (of great width and length com- 
pared thickness), being considered constant, 
values the ratio total hydrogen absorbed the 
final limiting amount are shown Figure 


instead order that the slope the curve 
the origin finite). This figure applies only 
the case constant 

From this type relation clear that the time 
required for specimen absorb half the total 
amount hydrogen (independent the total) would 
proportional the square the dimension 
i.e. would expected take four times long 
half-saturate half-inch rod would half- 
saturate quarter-inch rod. Moreover, the case 
constant diffusivity, the reverse process (i.e. removal 
hydrogen from the saturated specimen) would 
expected identically similar the sense that 
the time required for the removal any given per- 
centage the limiting amount hydrogen should 
the same that required for the absorption 
the same percentage the same specimen. 

From the present investigation, however, appears 
that the evolution rate always slower than the 
absorption the time required for specimen 
lose half its hydrogen always considerably 
greater than that required absorb one-half. More- 
over, for given specimen this half time greater, 
the smaller the total amount hydrogen (i.e. the 
weaker the acid which immersed). view 
these facts, clear that the assumption con- 
stant diffusivity independent hydrogen content 
inadequate. Yet the small total percentage hydro- 
gen leads reasonably strong presupposition that 
the diffusivity should independent varia- 
tion hydrogen content; the maximum observed 
was about 0.5 (NTP) per gram iron which corre- 
sponds only one hydrogen atom 400 iron atoms. 
Since diffusivity does not commonly change much 
the region 0-0.25 atomic percent, seems reasonable 


PERCENT SATURATION 
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Figure 19—Relation, ideal case, constant diffusivity (D), be- 
tween percentage saturation diffusing substance and time (t) ex- 
pressed terms of: Square root where thickness slab 
(upper curve) radius cylinder (lower curve). 
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CORROSION ENGINEERS 
postulate that the observed variation does not 
correspond change the diffusivity lattice- 
dissolved hydrogen atoms perfect iron lattice, 
but rather that the change occasioned “trap- 
ping” fraction the hydrogen atoms 
fections” the iron lattice. might thought that 
the observed phenomena could accounted for 
the supposition that gaseous hydrogen, high pres- 
sure, accumulates voids macroscopic size. 
this were the case, the amount accumulated would 
proportional the square the concentration 
lattice-dissolved hydrogen (Sievert’s law) hence the 
amount the voids would negligibly small 
fraction the total hydrogen low concentrations, 
and the diffusivity would greater than higher 
concentration. This contrary observation, which 
indicates definitely that the diffusivity greater 
higher concentrations than lower. 


This conclusion (that large part the hydrogen 
somehow trapped) strengthened the observed 
large increase absorbed hydrogen occasioned 
prior cold work. this tentative hypothesis cor- 
rect, then the diffusion hydrogen into steel 
somewhat analagous (mathematically) the diffu- 
sion oxygen into copper containing small amount 
silicon. The true solubility oxygen copper 
small, yet the total amount oxygen “absorbed” 
the alloy —and held principally SiO,—may 
much larger. The time required for saturation with 
oxygen much longer than silicon were present, 
because much more oxygen must diffuse, and the 
reverse process would require impracticably long 
time SiO, very stable and would give its 
oxygen very slowly. The analogy this case that 
hydrogen steel quite pronounced—the imper- 
fections (of unknown nature) the iron lattice being 
the analogue the silicon atoms the affin- 
ity these imperfections for hydrogen considera- 
bly less than that silicon for oxygen since hydrogen 
evolved finite rate. 

this view correct, the approximate mathemati- 
cal treatment previously developed for 
may used. this basis, the time required for 
long cylinder absorb one half the total amount 
hydrogen, called the half-time given approxi- 
mately the expression 


Doti2 1 Cs 


where the total (observed) solubility hydro- 
gen, the lattice solubility and again the 
radius. The same formula applies the sheet slab, 
being then interpreted the thickness. will 
noticed that the total solubility equals the lattice 
solubility, the above formula 
valid only Cs/C, considerably larger than unity.** 


1 
Cs 
Dt 2 == 0.034 
172/a Co ( 1— % =) 
s 


important feature the above formula tha‘ 


* The mathematical analysis of these phenomena is given as an 
appendix. It is based in part on an earlier paper. L. S. Darken— 
Diffusion in Metal Accompanied by Phase Change.’ Trans. AIME 
150 157 (1942). 

** For intermediate cases (i.e. if Cs/Co is slightly 
unity) the above formula may be used. 
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the half-time again found proportional a*. From 


the mathematical derivation, morever, the amount 
absorbed should proportional the square root 


the time, provided the boundary condition main- 
tained constant and dimensions not change appre- 


ciably. Accordingly, plot the measured amount 
hydrogen absorbed against the square root time 
should nearly straight line. Actually the curves 
are nearly straight over their entire length until 
saturation reached. Thus convenient define 
saturation time the time which the straight 
line (extended) passes through the saturation value, 
then: 


8 Go 


Note there relationship between permeability 
and diffusivity. the hydrogen were all dissolved 
the lattice, and the diffusivity were constant, this 
relation would where and 
are the concentrations hydrogen the ingoing 
outgoing sides respectively and the density 
the steel (the factor occurs since the perme- 
ability was defined terms diaphragm 0.1 cm. 
thick). The above conditions are means ful- 
filled the cases investigated. the basis the 
previously described assumptions (and using the 
same symbolism) being further as- 
that the concentration hydrogen the 
outgoing side the diaphragm negligibly small 
compared that the ingoing side i.e. that the 
outgoing surface presents significant resistance 
the passage hydrogen. This formula provides 
means comparison the two types measure- 
ments since directly determined from the per- 
meability (diaphragm) experiments, and de- 
terminable from experiments non-stationary state 
type with cylinders slabs, means described 
the appendix. fact, the amount hydrogen 
absorbed cylinder slab plotted against the 
square root time, the resultant curve found 
straight line over appreciable distance. the 


slope this line designated then 


(valid when large compared C,). 


order compare the permeability found 
the direct and indirect methods, both types meas- 
urements were made discs cut from 2-inch diam- 
eter cold rolled SAE 1020 steel bar. The permeability 
found the direct method 35° C., varied from 5.0 
10° and averaged 6.0 10°. The indirect 
measurement was made total immersion similar 
molal citric acid 35° for various times 
with results shown graphically Figure (upper 
line). The permeability found use these data 
and the foregoing equations* 10° reason- 
ably good agreement with the directly measured 
value. This agreement regarded substantiation 
the postulates and reasoning upon which the for- 
mulas are based. 


also possible principle obtain from 


* Actually the slope of the linear portion in Figure 5 was divided 
by the ratio of the total area to that of the two faces (1.22) to give \, 
Since in this case the thickness was not negligible in comparison to 
the diameter as assumed in deriving the formulas. 
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STEEL 
steady state obtained) the rate transmission 
hydrogen through diaphragm. the 
plot diffused hydrogen versus time shows in- 
duction period during which the rate rises from zero 
the steady state value. extrapolation backwards 
the linear portion possible obtain “time 
intercept” designated from which given 
the approximate expression 


This relation was not found particularly fruitful 
was difficult determine with precision; even 
slight departure from linearity the later portion 
the curve leads prohibitively wide choice 
extrapolations, and erratic behavior the beginning 
gives rise large error Nevertheless (if 
and are known) the above relation may 
used approximate the time which will elapse be- 
tween the immersion one side diaphragm 
acid and the transmission hydrogen 
other side, estimate the “depth” penetration 
hydrogen any time. 


Since any diffusion problem the boundary condi- 
tions are great importance, was deemed advisa- 
ble have some measure the potential hydrogen 
least the acid side the specimens. poten- 
tial meant the “driving this usually 
expressed terms pressure concentration. 
general, the rate passage gas through dia- 
phragm greater the greater the pressure the 
input side. the gas dissolves molecules the 
diaphragm material, the rate usually proportional 
the pressure, least for pressures sufficiently low 
that the ideal gas laws are obeyed. Because gases 
dissolve not molecules but rather atoms 
metals, the rate would expected proportional 
the square root the pressure; this well estab- 
lished for hydrogen iron elevated 


the present experiments (acid immersion) 
actual gage pressure (above atmospheric) gas 
developed the surface the specimen; hence 
the pressure concept, adopted, must regarded 
virtual pressure (which could perhaps realized 
true pressure within small cavities the speci- 
men). Because equilibrium gage pressure has been 
measured this series experiments (or any 
other similar experiments, the best knowledge 
the authors) seems best drop pressure and 
employ the term thermodynamic quan- 
tity which may regarded potential vitual 
pressure but only for ideal gas. aid the 
assumption that the observed electrical potential 
steel immersed acid measure hydrogen over- 
voltage, the fugacity hydrogen this surface can 
determined measurement the electrical po- 
tential the specimen versus hydrogen electrode 
one atmosphere pressure) the same solution. 
The relation 


log 


being electrical potential volts, gas constant, 


rogen 
erved 
eel 
yee 
bil 


absolute temperature, the Faraday equivalent, 
and fy, the fugacity hydrogen (in atmospheres). 


35° the value 0.0611 volts. 


the measured sulfuric acid solution 
frequently about 0.25 volt, follows that the fugacity 
hydrogen thus calculated the order atmos- 
pheres. This astonishingly high (far above the 
bursting point steel) that suspicion immediately 
cast the above assumption that the measured 
potential that the hydrogen overvoltage. Cer- 
tainly the measured potential not even remotely 
related the reversible potential iron electrode, 
the solution; but sensitive pH. Nevertheless, 
because the specimen rather rapidly dissolving dur- 
ing the measurement, and the system obviously 
not equilibrium with respect the reaction 


improper employ the foregoing equilibrium 
equation calculate from the other hand, 
least possible that the system near equi- 
librium with respect the reaction 


(aq. soln.) (dissolved steel) 


which case the equation applicable. 

The order magnitude the fugacity (f) 
hydrogen the specimen may estimated other 
ways. From the directly measured solubility 
hydrogen iron elevated temperatures,‘ its solu- 
bility atmosphere and 35° may estimated 
gram iron.* the case specimens immersed 
acid, the amount lattice-dissolved hydrogen (to 
which Sievert’s law applies) distinguished from 
total hydrogen not certain, but may taken 
being the order the lowest observed total hy- 
drogen about 10° per gram Fe. The fugacity 
thus calculated, since solubility proportional 

The fugacity may estimated independently 
third manner similar comparison the perme- 
ability, extrapolated from measurements high 
temperature, with that observed this investiga- 
tion. the result experiments temperatures 
from 245-779° Smithells and give the 
following equation for the permeability hydrogen 
through iron 


Inserting the highest observed permeability 35° 
namely find that the fugacity at- 
mospheres. credence placed the measurements 
Ham which indicate smaller values permeability 
lower temperatures, then the calculated fugacity 


All these independent methods give roughly 


* This estimate of lattice solubility (Co) is in agreement with that 
estimated from the extrapolated value of the diffusivity (D = 10-5) 
and the measured value of DoeCo (about 10-7). The extrapolated value 

§25 


is obtained from the equation log D = —3.04 which satisfied 


the available measurements from 400-900° C. 


similar values for the fugacity hydrogen 
immersed normal sulfuric acid, and conclude 
that this fugacity does lie between and 
mospheres (and probably nearer the higher value) 
and that the electrical potential the specimen 
least rough indication the hydrogen 
should noted that the above uncertainty 
corresponds only 0.06 volt the measured 
tial (about 0.25 volt). 

might mentioned this point that from 
standard electrode potential iron (0.441 volt) itf 
follows that the limiting fugacity hydrogen 
may developed sealed vessel reaction 
iron with normal acid solution also normal 

The foregoing discussion deals with the ability 
various steels absorb hydrogen rather than the 
actual hydrogen content, commercial steel (which 
usually much less than amounts introduced our} 
procedure). felt there are two distinct aspects 
the hydrogen problem: characteristics 
steel itself indicated ability absorb 
transmit hydrogen, and the effect actual 
drogen content. This report deals only with the first] 
aspect; this fact not interpreted dis- 
paragement the second aspect, which now well 
recognized being great importance. 


Summary 


Principal findings the present investigation 
regard the amount hydrogen absorbed steels 
during acid pickling are: 

The amount absorbed related the dimensions 
the manner expected from the usual 
sion laws. 

The amount absorbed increases linearly (or essen- 
tially so) with square root time until 
amount absorbed: after this saturation value 
reached, further hydrogen absorbed longer 
times. 

This saturation value very small for hot rolled 
steel but increases markedly with cold work; the 
extent this increase varies from steel steel. 

The saturation value decreased slightly long 
time annealing cold worked steel, but the rate 
absorption decreased considerably such 
anneal. 

The effect lowering acidity (increasing pH) 
small the saturation value, but more pronounced 
the rate absorption. 
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APPENDIX 
Part I—Diffusion Hydrogen from Plane Surface into 
Steel. [This derivation amplified from “Diffusion 
Metal Accompanied Phase Change,” Darken, 
Trans. AIME 150, 157 (1942)]. 


assumed that hydrogen has relatively small solubility 


the ferrite lattice, but that relatively large amount 
hydrogen may absorbed—the excess over the lattice solu- 


bility being localized “dislocations” other disturb- 
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nces of, departures, from the ideal lattice. also 
that the amount held these disloca- 
ions independent the amount true solid solution—an 
valid only when the total amount hydrogen 


iron 
onclude 
at- 


value) relatively large. further assumed that the concentra- 
lattice dissolved hydrogen small that its diffu- 

these assumptions, when hydrogen penetrates large 


surface into thick uniform body steel initially 
hydrogen, the solution the equation representing 


law* 
at ax? 
rolt) if may be written 
Dot) 
off 
where the symbols have the following significance: 
ility Concentration lattice-dissolved hydrogen any 
point 
face 
our Mean concentration hydrogen region pene- 

trated 
Distance from plane surface 

first Thickness region penetrated hydrogen 
equating the amount hydrogen entering the metal 
the amount accumulating, thus, 
and substituting therein the value the partial derivative 
steels obtained 
diffu- 
where parameter describing the rate penetration; 
lue found have the value 
1.6 

the small). 

lon 

rate 
such expanding the integral into series and rearranging terms 

nce 3 ] 240C 

Usually small; such cases the term parenthesis 

essentially unity and may omittted; then 

) 3 \ Ga 

Thus good degree approximation the rate penetra- 

directly proportional the square root the lattice diffu- 
and the square root the ratio the lattice concen- 
rk % Fick's law is a purely formal law stating (in this case) that the 

hycrogen which enters an elementary volume either leave that volume 


vility or stays there. As diffusion occurs only in the regions where the dis- 


it of locutions are “filled,” these latter behave simply as inert material 

* (according to the assumptions stated) so that the law may be applied 
lattice dissolved hydrogen above. Strictly, the solution given 
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tration hydrogen the surface the mean (total) 
centration the penetrated region. 


Part Absorption Slab Sheet (of Great 
Length and Breadth Compared Thickness) and Cylinder 
(of Great Length Compared Diameter). 


Using the same assumptions and symbolisms Part 
and designating the thickness the slab sheet and 
the average (or apparent) concentration write 
from 


and from the fact that the average concentration propor- 
tional the depth penetration (being a/2) 


Eliminating between these two equations 


IL3 
a 


convenient plot vs. Such plot (up the time 
saturation) seen linear and its slope 
designated Substituting this gives 


8Cm 


This the relation used the text for calculating the perme- 
ability where the density. The superscript 
omitted the text there the only lattice concentration 
considered saturation when Similarly 
approximation the text where occurs 

the case the cylinder readily seen that still 
approximately valid providing the depth penetration 
small compared the radius; i.e. attention restricted 
the beginning the process. Similarly approximately 
true under the same restriction interpreted the 
radius this case. This may demonstrated follows. 
small, then the fraction cross section penetrated 


and the fraction complete saturation 
C/Cm; equating these two, which seen 
m 


view the fact that, this appendix, assumed 
small compared Cs, whereas some the cases 
investigated experimentally, this assumption questionable, 
desirable inquire the magnitude the error 
introduced thereby cases where nearly equal Cs. 
Let now investigate the error when 
accord with approximations used deriving this equation, 
then equals 1/2 Cs; then becomes 


C/Cs 


this case (Andrews and Johnston—J. Am. Chem. Soc. 46, 
640, (1924) gives, percent saturation 0.222. 
The error involved II.3 thus not excessively large even 
this extreme case, and becomes much smaller the ratio 

Another check the magnitude error involved when 
obtained comparing the time intercept for 
permeability measurement calculated from the above with 
that calculated exact treatment. From I.5 and the 
distance hydrogen penetration time 


the time required for complete penetration (from one side) 


then and the time The exact treatment 


this case (R. and Through 
The Macmillan Co., 1941) gives this time (or more 
strictly the intercept the time axis the linear part 


2 
the curve) Again the error the equations developed 


| 


here not excessively large considering the flagrant viola- 
tion here the assumptions used developing them. The 
error much smaller when larger. 


Part Initial Absorption and Evolution 
Rates. 


Using the same assumptions and symbolism Parts 
and except that now subscripted indicate that 
characterizes ingoing (or absorption) rate and used 
characterize the corresponding initial outgoing (or evolu- 
tion) rate. used designate the distance partially 
depleted lattice dissolved hydrogen. From 


now necessary distinguish between Cm, the mean 
concentration hydrogen the penetrated region (while 
penetration progressing) and Cs, the ultimate steady state 
hydrogen concentration. These are approximately connected 
(under the assumptions previously stated) the relation 


Ca + — C. 


means this relation may eliminated from 


which, will noted, one minus the ratio the steady 
state hydrogen content slab sheet exposed acid 
one side only that similar slab sheet exposed 
acid both sides. 


order calculate (approximately) for the initial out- 
going rate equate the rate loss determined from the 


gradient the surface that from total hydro- 


gen content FC, [The expressions are 


cruder approximations than the corresponding ones the 
case absorption.] 
Also, initially the distance proportional the decrease 


the average concentration i.e. being a/2 when 


FC, 
Equating these two expressions and for 
a FC. 
Comparing with the ratio 
Also inserting the definition 


Since the assumption that the dislocations any region are 
either all occupied (by hydrogen) all empty over- 
simplification, seems reasonable expect III.10 
noted previously this section. 
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DISCUSSION 


the presentation was noted that the 
hydrogen solubility varied great deal for 
rolled steel. Have the authors found any reason 


this observation the chemical composition def 


oxidation practice used for the particular steels they 
have studied? 


* Director, Metallurgical Research, A. O. Smith Corp., Milwaukee 
Wis. 


Sullivan* 


Have comparative studies been made any other 
types materials, such straight chromium types 
covering ranges from about percent percent 
chrome, with very small traces nickel, the 
austenitic grades beginning with the 18-8 group? 


* Lebanon Steel Foundry, Lebanon, Penn. 


Authors’ Reply 


far have investigated only the behavior 
hydrogen plain carbon steels and not the alloys 
mentioned Mr. Sullivan. 

noted Dr. Scheil, did find that the ob- 
served solubility hydrogen hot rolled steel varied 
somewhat. However, this variation was very small 
compared that occasioned cold work. fact the 
magnitude the solubility hydrogen hot rolled 
steel was not much greater than that the 
mental error many cases. Hence hesitate 
place any interpretation upon the slight variations 
found. 

Prior literature contains many reports, such 
those Zapfe and coworkers, the effects hy- 
drogen the mechanical properties steels. How- 


ever, contains very little quantitative information 
the actual rate and amount hydrogen absorp- 
tion. was intended that the present paper should 
fill this gap partially. 
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WILLIAM SCHREINER 


other 
types 
percent PREVENTION dam- 
age its underground struc- 


arising from corrosion and 

problem for public utilities 
metropolitan area. 

The Cincinnati Gas and Electric 

serves 311,087 customers 

electricity 287 communities 

customers with gas commun- 

with aggregate population 


ob- 750,000. serves 8313 customers 

With water three communities, 

people. System requires 

act miles high voltage, under- 

rolled ground cables, miles gas trans- 

mission lines, 1576 miles gas dis- 

ate mains, and miles 

mains. The underground 

plant represents investment 

endangered corrosion and elec- 

How- The danger underground cable 
Sheaths mainly from stray cur- 
bsorp- rent electrolysis, source being leak- 

age from street railway circuits, 
should 


Edison systems. There are also 
cases lead sheath failure due 


athodic 


Gas and Electric 


Operations: 


WILLIAM SCHREINER 


Presently Gas Engineer with the Cincinnati Gas 
Company, Cincinnati, Ohio, respon- 
sible for corrosion and electrolysis work. 
electrical engineering graduate the University 
Cincinnati, graduate the safety engi- 
neering course, New York University, and 
registered mechanical engineer. His experience 
includes years gas and water system con- 
struction and operation, five years manufac- 
ture and installation gas and steam equip- 
ment and four years service with army, ordnance 
developing high pressure hydrogen plants. 


rotection App! 


and Oakley, suburb the east. 
The location this cable shown 
Figure When was installed 
1937 survey sheath poten- 
tials ground was made along the 
cable. dangerous potentials 
were revealed, although the pecu- 
liar vulnerability 
ductor cables electrolysis was 
realized. Sheath 
formers were installed limit a-c 
potentials volts with full 
load the circuit. Later experi- 
ence showed that even very small 
d-c potential, superimposed lead 
sheath subject a-c potentials, 
causes serious electrolysis troubles. 

1944, street railway stray cur- 
rents small magnitude began 
cause trouble the cable sheath 
the congested, downtown area. 
Preliminary tests showed current 
volts, between the cable sheaths 
and car rails, make the sheaths 
.26 volts negative within the area. 
this basis, 115-volt, single 
phase, cycle a-c; volts, 
ampere, d-c copper-oxide rectifier 
was installed 3rd and John 
Street. The 66kv cable sheaths 
were made negative with respect 


soil and chemical corrosion. Cathodic protection 
applicable the underground cable sheaths miti- 
gate this corrosion problem. more suitable than 
the use drainage circuits because the difficulty 
locating the source the stray currents. 


— 


example cathodic protection applied un- 
derground cables the case 66kv, 60,000 kva, 
oil-filled cable between the West End Cincinnati 


* Paper presented at the annual NACE meeting in St. Louis, Mo., 


April 5-8, 1948. 


earth, when the unit delivered amperes, 4.5 
volts d-c. 

1946, appeared the sheath potential the 
cable was appreciably lower than that 
Western Union cable the same area. This made 
desirable install second rectifier between the 
Western Union cable and the car rails, keep the 
cable sheaths the same potential. The Western 
Union cable also was bonded cable the 
area. Car rail joints the neighborhood the recti- 
fiers were tested and bonded for better anode cur- 
rent distribution. Zero potentials between 


Power Cable Protection 


| 
i 
4 
q 
q 
‘i 


CORROSION 


OAKLEY 
SUBSTATION —% 


Ave. 


z 


Srarion Ficure / 


oF CiNCINNAT/ 
KV. CARLE 


sheaths, and maintenance the sheath nega- 


tive earth, were obtained with the following recti- 
operation: 


Cable Western Union 
Reading Rectifier Cable Rectifier 
d-c volts 4.5 4.0 
d-c amperes 6.0 12.0 


the fall 1945, oil was lost from the cable 
the eastern part the circuit, and became neces- 
sary replace section between manholes and 
21. potential survey the entire circuit with re- 
spect water mains was made, shown Figure 
Since the area greatest positive potential cor- 
responded with the trouble zone, was decided 
install cathodic protection this location. rectifier 


“ oY, 


AT AMO TONN OFF 
FLECrROLY SIS SuAVEY 


864 


ABOVE ENCE - POSITIVE To WATER 


OW RECERENCE LINE ~ NEGATIVE TO WATER 


TABLE | 
| Average 
LOCATION Ground 24 Hours 
Third & John........ oe. Fire Plug | 
Race & Shillito.............| Fire Plug | 
Fire Plug | 
Gilbert & Eden Pk. Entr....| Fire Plug | 
Victory Pkwy. & McMillan..| Fire Plug 
Madison & Annwood....... | Fire Plug | 
Madison & Observatory.....| Fire Plug | 
Brotherton & Gibbon. | Fire Plug | 
| 

Third & John.... ...+...| Lead Plate | 
Race & Shillito.............| Lead Plate 
Gilbert & Eden Pk. Entr....} Lead Plate | 
Victory Pkwy. & McMillan..| Lead Plate | 
Madison & Annwood.......| Lead Plate | 
Madison & Observatory... . .| Lead Plate | 
Brotherton Gibbon....... Lead Plate 
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unit was connected between the grounded neutral 
the sheath bonding transformers and the water 
supply amperes 2.0 volts d-c 
satisfactorily negative sheath-to-ground and 
to-water main potentials over the entire cable. 
typical survey shown Table 


example cathodic protection applied 
gas transmission lines the case the 18-inch] 
natural gas line between Centerville, Ohio, and Nor- 
wood, Ohio. The location this line shown inf 
Figure 

Average age the line years. bare and] 
joined with mechanical couplings. 
link the transmission system supplying 
and municipalities the north. record leaks 
this line shown Figure There definite 


§ 


dication two areas trouble, one between 


Gas Line Protection 


area, between Highway No. 25, station 
and the Blue Ball Pike, station 56,199, was selected 
for further investigation and protection. 
confirm the corrosive areas shown the leak 
record, soil survey was made obtain actual 
cations corrosivity. The usual criterion the cor- 
rosivity soil its resistivity, and apparatus based 
such measurements were available. The currents 
that accompany corrosion, however, depend not only 
the resistivity the soil, but also the potential 
the metal with respect the adjacent electrolyte, 
and the limitation the corrosion currents 
polarization films and corrosion products. take 
account all the factors affecting the corrosion cur- 
rents, was decided use the Columbia Rod to] 
measure corrositivity. Such rod shown Figure 
consists essentially 114 inch hollow steel 
tube, approximately feet long, the tapered point 
being constructed two dissimilar metals, copper 
and steel, electrically insulated from each other. Lead 
wires are attached the dissimilar metals, and are 
connected microammeter. field observations, 
hole made first pipeline depth with soil 
auger. The Columbia Rod inserted the hole. The 
galvanic current generated the dissimilar metals, 
with the soil acting electrolyte, then observed 
and recorded. Research and previous experience indi- 
cate 1000 microamperes the line demarkation 
between seriously corrosive and mildly corrosive 
soils. Survey results are plotted Figure 
Since the corrosive nature the soil substantiated 
the leak repair experience, was decided apply 
cathodic protection the section which the worst 
conditions were found. Availability electrical en- 
ergy made possible use two rectifiers for protec- 
tion. Property rights, and the presence under- 
ground telephone cable, limited anode locations 
within about 500 feet the pipe line, shown 
Figure and Figure 
The line was bonded completely between the in- 
sulating, sectionalizing couplings welding pipe- 
coupling shunts across each joint, with connections 
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Figure 5—Columbia Rod, for determining soil corrosivity. (Legend for 
unavailable.) 


CATHODIC PROTECTION 


UTILITIES 


the center rings. The couplings were located 
applying d-c potential section the line with 
welding generator and long lead, and noting the 
increased voltage drops whenever couplings were 
encountered. 

Cathodic protection design consisted essentially 
determining current requirements. using tem- 
porary ground bed, and welding generator 
source energy, currents different values were 
impressed the pipe. 

Current values, and the corresponding pipe-to- 
copper sulphate electrode potentials were measured. 
These values were plotted logarithmic paper, with 
currents abscissae. Actual requirements were de- 
termined the theory that when the current be- 
comes sufficient prevent corrosion, the cathode 
will act hydrogen electrode, whose potential 
varies linearly with the logarithm the current flow- 
ing it. The joint intersection the projections 
the straight lines indicates the current required 
prevent corrosion, shown Figure The pre- 
liminary investigations gave circuit resistance 
3.3 ohms, with the use temporary anode; 
volts d-c impressed, and amperes d-c flowing. The 
criterion for protection was taken pipe-to-soil 
potential volts, with normal pipe-to-copper sul- 
phate potential being taken .54 volts. considera- 
tion the improved performance possible with per- 
manent ground beds, the rectifier characteristics were 
selected follows: 

Single phase, 110-220 a-c, cathodic protection, 
selenium rectifiers, weather-proof boxes for pole 
mounting, with d-c voltmeter and ammeter, control 
for varying d-c output, amperes, volts, d-c. 
The rectifiers are equipped with thermal switch, 
which transfers percent reduced, a-c voltage 
the selenium stacks become too hot; i.e. have 
greater than temperature rise. 

The anodes, ground beds, were designed give 
minimum resistance energy cost, consistent with 
minimum investment and depreciation. Metal the 
ground beds was provided meet current require- 
ments, the basis loss pounds iron per 
ampere per year, ten year basis. Ground re- 
sistivity was sufficiently low and stable 6-foot 
depth, and the anodes were installed trenches 
this basis. Scrap 10-inch steel pipe was welded into 
150 foot sections, and placed 6-inch layer 
tamped.coke breeze the bottom the trench. An- 
other 6-inch layer breeze was placed over the pipe, 
tamped, and the installation moistened. The trench 
was then filled within inches the top with 
alternate layers rock salt and soil, using 
total 1000 pounds salt. The top the trench 
was filled with soil only. 4-inch riser pipe was 
welded the center the anode, coated and 
wrapped, and brought inches above ground for 
connecting the positive lead the anode. Three- 
eighths inch perforations were burned the 
bottom the anodes 8-inch spacings, for later 
admission brine solution through the riser, 
became necessary lower ground bed resistance. 

Typical results obtained from cathodic protection 
the transmission lines are shown Figure 10. 
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After the units were placed 
operation, the pipe was 
ally negative with respect 
the soil, and was thus 
ing cathodic protection. 
ating data indicate 
protection cost 
mately $17.00, based 
cent per kilowatt hour 
charge. record leaks 
the year subsequent 
tion, shown Tables 
indicates the effectiveness 
the results obtained. 


Figure 6—Soil 
Survey 18-Inch 


Gas Transmission 


Line. 


MONTH 


January...... 


February 
March. . 


August. 


September............... 


October. 
November 
December 


Protected 
Section 


Unprotected 
Section Entire Line 
21 14 
.28 18 
-28 .22 
36 28 
43 59 
75 
50 77 
.50 87 
50 .92 
1.28 1.29 
1.99 1.56 
4.30 1.90 


ct 
Distribution Mains 
tection applied gas 
20-inch intermediate 
feeder Tennessee 
from Paddock Road 
ing Road, 
connection between the 
wood Measuring Station, 
the distribution system 
west and south, 
O.D., bare, plain end, steel| 
pipe, with unbonded, 
ical couplings. The line 
years old. Leak records} 
showed several repairs 
Tennessee Avenue 

1947 the City Cincinnati began improve-| 
ment the street, which will put the main under} 
40-foot concrete pavement. This situation and 
fact that the line could not taken out 
for major overhauling, indicated the desirability 
installing cathodic protection. 


substantiate and investigate the corrosive 
ture the ground, soil survey was made 
the gas main. Corrosivity was determined means} 
the Columbia Rod. ground megger was 
measure resistivity for use designing the pro-| 
tection system, and verify the corrosivity measure-| 
ments. The results are shown Figure 12, and 
indicate corrosive soil all along the main, 
larly the part near Reading Road. 


After the need for cathodic protection had 
established, was necessary decide the type 
would best suited existing conditions. 
anode and rectifier were installed, current 
the surface the main could only made 
form separation the anode and the pipe 
several hundred feet. This was impractical along} 
Tennessee Avenue. Such installation also 
volved the possibility damage adjacent 
ground structures. The economics single 
cathodic protection system for the 20-inch main 
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Tennessee Avenue were investigated, follows: 


Investment Required 


Power Circuit, including line and poles............ 500 
Rectifier Installation, including instrument 

Ground Bed, including pipe, carbon, salt, 


Annual Operating Expense 
Depreciation, 6.67% 
Energy purchased, 8,000 kwhr. 


The estimates above are based current density 
the protected surface 1.5 per square foot; 


INSULATED 
COPPER 


UTILITIES 


CENTER Ring 


IPE COUPLING UNT 


Figure 11—Details anode 


total circuit resistance 1.25 
ohms; total current amperes, 
d-c voltage volts, overall ef- 
ficiency percent; and loss 
300 feet inch steel anode 
pounds per ampere per year. 
The use distributed galvanic 
anodes eliminates the outside source 
energy, accomplishes protection 
low voltage, and eliminates the 
danger other underground struc- 
tures. The design such system 
investigated means the 
comparison shown Table 


Galvanic anodes were selected 
the basis one anode per pipe 
joint using each street opening for 
the anode wire and the coupling 
bond. get practical experience, 
both magnesium and aluminum 
anodes with wet 
backfills, were installed soils 
different resistance. Anodes were 

buried main depth, and were lo- 

cated back the sidewalk, with 

curb-box over the connections for 

future testing. The anode-to-main 
was based percent the length the 
section protected, Insulating couplings were 
recommended the ends the protected section. 
The anodes were specified have steel core rods, 
drilled 11/32 inch, one inch deep, for the use ex- 
panding type anode connectors. 


ROD 


LENGTH 


TABLE 


Zinc Magnesium) Aluminum 
Standard anode (Wt. in Lbs.)....... 18 16 30 
Cost of Anode and Backfill, each... $6.50 $8.55 $13.90 
Cost of Anode and Backfill, per Ib... $0.36 $0.535 $0.463 
Ampere hours per Ib.............-. 335 600 675 
Open-Circuit anode potential (Volts). 1.1 1.6 1.1 
Current output per anode, (ma)..... 30 75 75 
No. of anodes required............. 217 87 87 
Total Cost of anodes and backfill..} $1,410.00 $745.00 $1,210.00 
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No. plastic covered wires were used between the 
anodes and the main. This arrangement easiest 
install and most economical. has been shown 
that synthetic resin the best available moisture re- 
sistant wire covering. Couplings and center rings 
were bonded with copper pipe-coupling shunts, with 
welding terminals. The anode wires were attached 
the main with welding socket terminals. The wire 
from each anode and the wire from each main con- 
nection were brought together junction box 
means bolted parallel clamp facilitate future 
testing. The backfill compositions were follows: 

Low Resistance Soils Bentonite parts, 
pounds; gypsum, part, pounds. 

High Resistance Soils Bentonite parts, 
pounds; gypsum, part, pounds; anhydrous so- 
dium sulfate, part, pounds. 

Because delays the street improvement pro- 
gram over the winter, has not been possible 
finish the galvanic anode installation. Preliminary po- 
tential and current measurements have been taken, 
with results shown Table below. 

Preliminary results indicate desirability using 
magnesium anodes because their higher anode 


potentials and current outputs, although believed 
that aluminum anodes will more economical over 
long period time. Output the anodes well 
within the results expected, and believed 
that adequate protection will achieved when the 
installation completed. 


TABLE 
Test Galvanic Avenue. 


Soil Potential | Potential 
Resis- Cu SO 4- | CuSO4- | Potential 


tivity Pipe Anode | CuSO4-/| Red Cur- 

Anode | Ohms/ | Type Open Open Pipe in rent MA 
No. CM? | Anode Cire. Cire. Closed EMF. MA | Sq. Ft 
1 Mg 540 1590 640 —100 81 77: 

6 1750 Al 480 960 650 —170 69 565 

7 1680 Mg 640 1600 660 — 20 84 805 

9 1600 Al 550 960 550 64 615 
12 1500 Al 540 1100 540 0 lll 1.06 
24 1250 Mg 550 1580 600 50 97.5 93 
28 1450 Al 600 1100 620 — 20 90 86 
29 1600 Mg 640 1560 660 — 20 33 317 
32 4250 Al 550 1150 570 — 20 30 286 
33 4450 Mg 580 1650 600 — 20 515 
34 4500 Mg 580 1600 600 — 20 43.5 417 
35 4600 Mg 560 1540 580 — 20 54 515 
36 620 990 620 33 316 
37 4500 Mg 580 1610 600 — 2 39 374 
38 4400 Al 540 1080 550 — 10 36 344 
40 4050 Mg 590 1650 580 + 10 43.5 Ai7 
40 3400 Al 480 1140 500 — 20 42 A 


econ 
large 
mild 
vide 
haps 
are 
Whe 


will 


April 


een 
ginn 
until 
poin 
This 
pipe 
ten 
was 
This 
poin 
mad 
lines 
: 


over 
well 
the 


Experience Bagnell Dam 


Prevent Corrosion 
Underwater Steel and 


TURNER WHITE, JR. 


DELINEATING efforts 
the Union Electric Company 
Missouri Bagnell Dam find 
satisfactory means protecting 
the steel and iron continuously sub- 
merged, only methods used the 
application theories and experi- 
ences developed others will 
presented. 

While the theory electrochem- 
ical corrosion believed have 
been advanced first about the be- 
ginning the was not 
until almost years later that any 
pointed effort was made apply 
protection iron and steel. 
This was done some oil and 
pipeline companies. was some 
ten years later before the theory 


and that one ampere flowing from 
metal will remove twenty 
pounds one year’s would 
seem warrant extended ef- 
fort prevent resulting losses. 
Bagnell application meas- 
ures protect steel and iron began 
soon after the plant 
structed. addition the usual 
exposures penstocks, head gates, 
trash racks, stop logs and other 
items that could reached un- 
watering means, there were steel 
guides and anchor bolts which 
could reached only very 
costly methods for replacement 
after failure. was felt that even 
though the original installation, 
left unprotected would last 


was used attempt protect 
the inside elevated water 
This account the time interven- 


ing between the discovery the 
cause and the practical application 


TURNER WHITE, JR. 
Superintendent Construction, Engineering and 
Construction Department, Union Electric Com- 
pany Missouri, formerly System Superintend- 
ent Hydroelectric Plants Department, Union 

Electric Company Missouri. 


years, the life span might 
doubled application reason- 
able protection, 

About 1938 first experiments 
were begun learn cathodic pro- 


control measures given 
point out how slow changes are made and the appli- 


cation new knowledge achieved. 


During the last ten years extensive use has been 


made this theory for the protection both pipe- 


lines and water tanks with considerable success and 
economy. However, apparently has been very 
applied elsewhere. Many industries with 
large volumes exposed steel and with electrical 
engineering talent available have shown only very 
mild interest. 

Since the burden the civil engineer pro- 
vide the best iron and members for any job, per- 


haps order for him encourage the electrical 
engineer furnish design for protection against 


corrosion, particularly those cases where members 


are exposed, subject electrochemical action. 


April 


When realized that any iron steel water 


will develop galvanic action with currents circulating, 


% Presented at the Annual NACE Conference, St. Louis, Mo., 


5-8, 1948. 


tection could applied success- 
fully. one area provided for future units ideal 
location existed. Here control tests could made 
without interference from debris and water velocities. 

With the use ordinary automobile battery 
charging set and several pieces steel, with sur- 
faces various stages corrosion from bright 
heavy rust, experiments were undertaken. Test sam- 
ples were spaced varying distances from the posi- 
tive electrode give indication electrode spac- 
ing that would produce best results. 

After approximately one year’s observation the 
test pieces, was determined that calcium deposit 
could produced the steel with evidence 
rust surfaces facing the electrode. had been be- 
lieved that heavily corroded samples subjected 
the test time would drop their rust scales. Observa- 
tion showed this did occur, but only small extent. 
did indicate, however, that further corrosion 
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badly rusted surfaces could arrested without prior 
removal the scale. 

With these seemingly successful test results 
basis, plus experience others and using the same 
battery charger, installation was made service 
water tank. 50,000-gallon tank the usual 
cylindrical sides and hemispherical bottom elevated 
above 80-foot inch diameter standpipe. 

The first electrode used was 1-inch stainless steel 
rod which proved satisfactory for about three years. 
The next electrode was aluminum wire, which re- 
mained use few months only. Then, upon recom- 
mendation manufacturer, platinum wire 
very small diameter was installed. 

During this period several years’ application, 
electrical current was not kept constant because 
failure the electrodes and because ice the tank 


broke the connection, often with the loss the: 


electrode. 
Some details the installation within the 50,000 
gallon storage tank follow: 


The the electrode was feet and the 
lower extremity reached feet into the bowl. The 
height the bowl hemispherical bottom feet 
and the height the cylindrical part the tank 
feet. Twenty-two volts was applied the single 
electrode the center and measured 2.2 amperes 
current. 


Water the tank averages about grains 
hardness and plus. Surface fluctuations 
extend through range approximately feet. This 
fluctuation often occurs under ice conditions, making 
difficult maintain the electrode. 

Chemical analysis the water follows: SiO, 
—8.0; Fe—0.2; Na—32.3; 
Mg—9.8; SO,— 38.3; Cl— 10.8; CaCO, 129.0; 
0.85. 

However, was evident early that protection was 
being provided the cylindrical part the tank. 
Hoped for protection was not being secured the 
hemisphere bottom, nor was being obtained the 
standpipe. Calcium deposits forming first points 
nearest the electrode, had been expected provide 
insulation against the currents and divert them pro- 
gressively more distant points, eventually the 
bottom the standpipe. This still believed 
theoretically possible but too long process for prac- 
tical application. 

Now separate electrode reaching into the stand- 
pipe only being placed and expected the job. 

During this period experimentation the water 
tank, protection crest gates also was undertaken. 
There are these taintor gates with surface areas 
about feet, submerged except low 
water periods. 

For this installation rectifier volts and 
amperes capacity was secured. Two wrought iron 
pipes were installed electrodes each gate (only 
two gates have been equipped date). These appli- 
cations have not been continuous because the loss 
electrodes and the periods without application 
have been unnecessarily long. Principal cause the 


loss electrodes has been failure remove them 
when gates were operred during floods. Replacement 


following their loss often was delayed. spite off 


this, however, some protection has been observed 
and the installation could made adequate. Some 
rust has appeared because there are periods when 
surfaces are exposed the air result lake 
draw-down. 

attempt has been made protect the trash 
rack guides and stop log guides well the trash 
rake guides. None these surfaces can reached 
unwatering and are continuously submerged. 


Efforts these points have not been successful 
because the electrical currents manage stray else- 
where than points intended. believed, however, 
that sufficient capacity were installed, results would 
readily apparent and easily justifiable cost. 

Some thought has been given protection the 
penstock where water velocities are rather high, but 
far has been impossible design installation 
which would not carried away short time. 


substitute for cathodic protection the pen- 
stocks and head gates, many paints and degrees 
surface preparation were tried. All these experi- 
ments point the use two coats aluminum ap- 
plied bright metal surface giving best results. 


penstocks and head gates, more than 
percent protection retained after about six years. 
Primers red lead used first coat under the 
aluminum were fairly satisfactory, but not 
extent two coats aluminum. 

has been observed repeatedly that any power 
plant and almost all other plants, there are exten- 
sive surfaces iron, steel, lead cable and galvanized 
duct exposed soil water, which will corrode 
left unprotected—sometimes embarrassingly 
short time. Instances are record lead cable 
failure within few months after installation. Such 
items sheet piling, intakes, pipelines, condensers 
and the bearing piles which support 
structures and which grounding system 
tached, are all subjects for consideration. means 
prevent electrochemical action were considered 
during the design period, great waste, cost and in- 
convenience could avoided. 

Services, Inc., believed helpful thought, 
quoted below 


“Electrical engineers should made 
conscious that they can design against 
not for corrosion. would seem that any fairly large 
electrical utility could well afford have high class 
corrosion engineer who would consulted all de- 
sign practices guard against designs which caust 
corrosion.” 


References: 


Corrosion—Causes and Prevention, Frank 
Cathodic Protection for Water Works, 


Loreaux, Paper before Second Annual Meeting, 
igan Section, Am. Water Works Assoc., Sept. 20-22 
1939. 

Electrical Industry Engineers Responsibility for 
sign against Corrosion, Miller. 
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Corrosion Problems Water 


equipment and installations 
major item since may result 
interrupted service, inferior 
water quality and excessive cost 
maintenance. Many public and 
water supplies come from 
Illinois alone there are 
200,000 water wells, which 
some 3000 produce water for mu- 
nicipal and industrial purposes. 
These wells have depths varying 
from 2200 feet, with pump 
settings 700 feet and capa- 
cities 2000 gpm. 

Economics sometimes dictates 
that corrosion ignored because 
the cost replacement may 
less than the cost prevention. 


However, many cases, the cost 


pulling and resetting turbine 
pump exceeds the cost the pump. 
The economic loss due inter- 
service also important consideration. 
Corrosion concerned with metals, combinations 
metals and their environment. When the known 
facts concerning the rate corrosion the various 
metals are considered association with many fac- 
tors involved with such environmental conditions 
are encountered many water supplies, multipli- 
city causes apparent for corrosion wells. 
Perhaps the first step clarifying the problems 
consider the metals and combinations metals 
used construction the vertical turbine pump. 
These metals ordinarily are bronze, cast iron, steel 
and stainless steel. Although often used together with 
serious harm, combinations copper bearing 
metals with cast iron steel always offer possi- 
bility for serious damage depending the relative 
surface area and location, and the environment. 


Galvanic Attack 


Figure evident that concentrated attack 
can (and does) take place steel impeller shaft 
due the small area shaft exposed between the 
bronze bearing and large area bronze impeller. 
The presence salty high mineral content water 
decreases resistance the path the current and 
increases the flow current and the subse- 
quent loss metal. 

The importance the shaft conveyor me- 
chanical energy second only the impellers which 


% A paper presented at the annual meeting of NACE in St. Louis, 
Mo., 5-8, 


DR. LARSON 
Chemist and head Chemistry Subdivision, 
State Water Survey, Urbana, 


design impart this energy the 
water. Because impellers are vital 
components they have long been 
made bronze provide long 
life. recent years, the impeller 
shaft and often the total shaft 
length has been specified stain- 
less steel. 

close inspection, another ac- 
cidental factor evident the ar- 
rangement these bimetallic cou- 
ples. The location and contacts 
often permit doubled galvanic 
potential and thereby doubled 
rate corrosion. This similar 
short circuiting the open terminals 
two batteries which have been 
connected series, and has often 
been noted water-lubricated 
pumps oil-lubricated pumps 
where water permitted enter 
the lower end the oil enclosure 
tube. 

Figure obvious that self-imposed current 
can flow from the cast iron bowls the impellers 


conducted the shaft flow the bearings 


bearing retainers and return the bowls way 
conduction through the column pipe the oil 
enclosure tube. 

Naturally the concentrated current flow from the 
bowls the impellers takes place the impeller 
skirt where close clearance provides path least 
resistance. Here the “heart” the pump where 
slippage cannot allowed without impairing effi- 
ciency. many cases manufacturers circumvent this 
inserting permanent replaceable bronze wear 
ring around the impeller skirt, thereby eliminating 
accelerated corrosion this vital point transfer- 
ring less vital areas and reducing the concen- 
trated attack. All-bronze bowls are becoming com- 
mon, their cost adding some percent the cost 
the turbine unit but often adding only 
percent the total installation cost. 


Carbon Dioxide 


Another serious point corrosion turbine in- 
stallations exists inside the column pipe and outside 
the oil tube. observed pitting, particularly 
(some 6-24 inches) just above the discharge 
the turbine unit and progressively lesser extent 
the column pipe above the spiders the bearing 
supports. will noted that each these points 
located where there has been sudden change 
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from velocity head pressure head, the maximum 
pressure head being just above the turbine unit. 
Similar pitting often noted the turbine unit 
the high pressure side the guide vanes. 

theoretical explanation this corrosion involves 
the assumption that gas bubbles are released from 
the water low pressure points the under side 
the impellers, constrictions and eddies created 
the rapid changes velocity, direction and 
pressure within the turbine unit. Although designers 
justly refer streamline flow, obvious that 
such streamlining can more than just relative, 
since the flow through such units always turbulent 
flow. 

the water passed through each successive 
impeller the water and the gas are subjected in- 
creased pressure and leaving the discharge bowl 


enlarged diameter converts some the velocity 


head additional pressure head. This increased 
pressure provides greater solution potential for the 
released gases. These gases are nitrogen, water vapor 
and carbon dioxide and they dissolve the water 
film surface each bubble becomes excessively 
acidic the formation and slow diffusion car- 
bonic acid. these gas bubbles with acidic 
films pass over the metal, corrosive action en- 
hanced. the water moves the column pipe the 
number bubbles decreases; the pressure gas 
within the bubbles decreases, and the relative amount 
corrosion decreases accordingly. The presence 
dissolved oxygén hydrogen sulfide can accelerate 
this type corrosion and “worm-eaten” shaft 
shaft tube not unusual for extreme cases. 


This type CO, attack high pressure points 
also has been noted booster pumps and valves 
and elbows the high pressure side booster 
pumps. 


one case 1000 gpm vertical turbine installation 
500-foot setting required replacement the 
lower 100 feet column pipe after months’ service 
during which time 1274 million gallons had been 
pumped. This same unit was then set 600 feet and 
after 547 million gallons had been pumped during 
months became necessary pull the pump again. 
The lower 100 feet column pipe was worse con- 
dition after months than the previous lower 100 
feet appeared after months. this case the lower 
pump setting (due water level recession) necessi- 
tated greater pressure the discharge end the 
turbine unit. Table shows the difference pressure 


TABLE 
Pumping Level 
Feet From Rate Difference in 
DATE Ground Surface gpm Pressure (Ft.) 
422 830 464 
488 830 530 
491 660 
Pump inspected and replaced at 600-foot setting. 
541 830 583 


Pump removed, holes in column pipe and graphitization in bowls caused loss 
n precy. Weight loss in a random section of column pipe_was 25 percent 
n 4% years. 


between the upper and lower end the turbine 
The carbon dioxide content this water was 


ppm, the total mineral content 720 ppm and hydro- 
gen sulfide was just noticeable, possibly 0.5 ppm. 

Waters high free CO, content produce the same 
result even shallow settings. 


For the deep settings, the purchase cost column 
pipe, shaft and shaft tube often greater than the 
cost the turbine unit itself. Protection the pipe 
hot application coal tar paints can obtained 
for the additional cost 100 percent the cost 
the pipe itself. Other coatings can used, the 
cost being greater less, but general better coat- 
ings are the more expensive. coating however 
costly will effective without proper treatment 
the metal and proper application. 


Since the greatest degree attack occurs within 
feet above the bowls, some installations 
specify bronze column pipe and shaft tubing and 
stainless steel shaft for this distance above all- 
bronze turbine unit. Hand painting the brass and the 
steel for distance two feet either side the 
junction reduces the possibility galvanic attack. 


The use suction pipe excessive length and 
any suction pipe strainer being discouraged 
many installations. The advantages very often are 
nullified the recommended use airline, 
thereby insuring pumping level above the bowls and 
also lesser pressure drop from the well bore the 
entrance the turbine unit. 

Another type corrosion occasionally encountered 
the water line the outside the column pipe 
and particularly abusive when concentrated 
threaded couplings which have not been painted. 


Stray Currents 


With regard stray currents, one should blame 


stray currents for electrolysis corrosion assump- 
tion alone without first testing for their absence 
presence. Stray current electrolysis can cause for 
corrosion and the results such corrosion presents 
pitiful picture, but its prevalence appears 
much less than commonly assumed. Too often the 


pump manufacturer sales engineer refers 


trolysis” the cause corrosion, thereby implying 
that the source electric current from external 
source. many cases stray currents current from 
external source not observed and the actual 
source current within the pump itself. 

The author has investigated some pumps 
Illinois with Millis, field engineer, for the 
State Water Survey and only few places could 
corrosion attributed definitely stray currents. 
Electrified railways were the near vicinity most 
these. Out some tests about percent 
showed varying potential difference between dis- 
charge line and pump head between the pump head 
and the well casing. However, the magnitude the 
potential difference did not exceed 0.4 volt and the 
current flow did not exceed ma. several cases 
0.8 2.5 volts were recorded. all the cases investi- 
gated, roughly percent showed constant 
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tential 0.1 0.4 volts, well within the range 
normal galvanic magnitude. 

One effective method reducing effects stray 
currents consists insulating the pump assembly 
from the well casing and the discharge line. Conduit 
for power cables also should insulated from the 
pump head. 

Another method used for controlling the path 
current flow consists bonding the column pipe, 
either welding brass rod across the flanges, 
attaching copper strip along the outside the full 
length the column pipe from the bowls the sur- 
face and grounding the top the well. This 
bonding devised carry most the current out- 
side and away from the inner workings. inspection 
has been made the effectiveness this procedure. 
The relative current carrying capacities ordinary 
metals and alloys requires some consideration when 
attempting this procedure. The possibility galvanic 
attack also should eliminated coating the bond- 
ing metal. 


TABLE 
Specific Relative Cross 
Resistance Section Area for 
Ohm per Equal Carrying 
METAL Cubed Capacity 


Cathodic protection has been used several cases 
combat this and other types corrosion. be- 
fore and after inspection has been made determine 
the effectiveness these installations. 

The use one two-foot band around 
the outside the tail pipe has been attempted pre- 
vent some types corrosion. Obviously results could 
not hope nor were they effective. 


Well Casing 


With regard well casing little specific data are 
available actual life, although years ap- 
pears the limit the general opinion 
water well drillers. Wrought iron believed 
superior steel. Actual life will depend the pur- 
pose for which casing liners are used, quality 
the water, the shale, sandstone, limestone soil 
contact and possible presence stray galvanic 


casing used exclude poor quality water 
always advisable pressure grout two-inch 
annular space around the outside the casing 
perfect the seal and protect the metal against 
corrosive 


One unrecognized source corrosion casing 
consists setting all-bronze pump inside steel 
casing and permitting metallic contact between the 
pump head and the top the casing. This auto- 
matically sets battery which the casing be- 
comes the anode. This fatal, particularly the 
pump diameter very near the inside diameter the 
casing the pump not centered within the 
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Figure 1—Cross-section showing areas within 
deep well pumps subject corrosion attacks. 


casing—a very difficult thing do. Effects are 
noticeable particularly when pump capacity low, 
such that bronze-bodied jet pumps and the 
periods operation are short. The author has noted 
2-10 ppm iron the discharge under normal oper- 
ating conditions private home well which obtains 
its water from iron-free source. 

Insulation the pump head-well casing and using 
non-conducting well seal one solution this 
problem, but recommended that the bronze body 
the pump unit coated decrease the area 
bronze exposed the water. This also helps 
nullify the effect possible contact with the casing 
some point the well. 


The fact that corrosion takes place water well 
equipment forcibly brought home when samples 
water are collected over timed intervals starting 
pump. Excessive iron during the first few minutes 
noted nearly every case. some instances this 
may attributed part the presence water 
from secondary source the well from behind 
the casing. others portion this iron may repre- 
sent that from the water itself which sloughed off the 
pump well screen the start water movement. 


Paint the Cathode! 


With the present tendency pump design re- 
place ferrous metals part whole with brass 
bronze, should pertinent advise that this 
excellent non-corroding bronze coated painted 
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wherever possible prevent increasing serious at- 
tack steel and cast iron the vicinity the in- 
creased area copper-bearing metal. This corrosion 
preventive applicable all water works fixtures 
where too often the steel iron coated prevent 
corrosion but thereby more seriously corroded 
pinholes and flaws the coating where accelerated 
galvanic attack takes place. 


DISCUSSION 
Raymond McLeod* 


Dr. Larson has presented very complete paper 
covering the causes and experience corrosion 
deep well pumps. The following points are particu- 
larly important. 


The effect water resistivity the rate 


corrosion will vary due the dissolved mineral con- 
tent, because total dissolved solids increase resis- 
tivity the water decreases, and therefore the resis- 
tance the path for galvanic stray currents 
decreased. 

That stray currents were blamed too often for 
corrosion problem pumps before measurements 
were made determine the magnitude such cur- 
rents present. 

The coating the cathode area reduce gal- 
vanic effects. This may warrant further mention be- 
cause the relative areas the anode the cathode 
usually found pumps. the case deep well 
pumps, too much emphasis can placed the 
coating the column pipe and shaft housing which 
normally constitute the anode area and not enough 
the coating the cathode more noble metal 
parts. Coating the anode leaves corroding badly 
holidays breaks the coating, causing gal- 
vanic cell consisting large cathode area and small 
anode area. Coating the anodic steel parts 
valuable reducing current density requirements 
cathodic protection applied.* 

Early 1941, the Electro Rust-Proofing Corpora- 
tion made what believed the first application 
cathodic protection deep well turbine pump. 
This was installed 8-inch pump with 90-foot 
setting Lapeer, Michigan. This application, re- 
ported pump with average life 
months, operated for months and inspection 
showed further corrosion the pump parts. An- 
other application cathodic protection was made 
deep well pump industrial use located India- 
napolis, Indiana. This was 5-inch oil-lubricated 
Cook deep-well pump, with 137-foot setting. Cor- 
rosion history indicated average life the oil tube 
and column pipe was seven nine months. 1945, 
inspection the pump showed penetration the oil 
tubing and column pipe with the pitting inside 
the column pipe and outside oil tube. February 
16, 1945, protection was installed and one 54-inch mild 
steel electrode was installed the annular space 
running the entire length the column pipe the 
pump bowl. Current was supplied the anode from 


* Electro Rust-Proofing Corp., New Jersey. 
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rectifier with the negative terminal connected 


column pipe, casing, oil tubing and the motor 
base. Unfortunately, when the installation was 


the pump sections were replaced with old pipe, due 
steel shortages the time. Seventeen months 
after cathodic protection had been applied, water 
was discovered the oil which indicated failure 
the shaft tubing. The pump was pulled July 
1946, and inspection indicated that the tube had not 
been continuously under cathodic protection due 
intermittent contact between anode and pump. 


was evident that insulation the anodes 


intervals was insufficient and new anodes were in- 
stalled with insulators five feet apart prevent 
accidental contact with the column pipe oil 
Reinstallation was completed November 1946. Two 
5g-inch 130-foot mild steel anodes were 
between the column pipe and shaft tubing, and two 
70-foot mild steel anodes between 
pipe and well casing. Two circuits were provided 
from the rectifier supply specified current density 


each set anodes which were designed for 


life. After the first installation, life the pump had 
been approximately doubled with greatly reduced 
metal replacement. Twenty-one months after the 
second installation, the pump operating rated 
efficiency with current flow designed values. 

similar cathodic protection system was made 
1945 for industrial company the Louisiana Gulf 
Coast. This pump was 16-inch Fairbanks Morse oil- 
lubricated turbine type deep well pump with 106- 
foot setting. 

Cemented well casing, 20” 

Column pipe, 12” 100’. 

Shaft tube, 106’. 

Pump, 16” 

Suction pipe, 10” 12’ (below pump well pipe). 

Well pipe, 12” (below pump). 

Screen pipe, 12” 

Bottom well, 251’ below ground level. 

The water analysis was follows: pH, 6.6; Bicar- 
bonate (HCO,), 103 ppm; Sulfate (SO,), ppm; 
Chloride 218 ppm; Flouride (F), 0.1 ppm; Hard- 
ness CaCO,, 264 ppm; Iron (Fe), 5.9 ppm. 


The corrosion history this pump showed rapid 


deterioration the pump column pipe and shaft 
tubing, particularly noticeable pump column 
tion. 

protect this pump: 

steel anodes were installed 

annular space between shaft and column pipe. 

steel anodes were installed 

annular space between column pipe and 

One—130’ 34” steel anode was installed in- 

side suction pipe and extending below pump into 
well pipe and screen pipe. 

rectifier was furnished with three special circuits, 
containing variable resistors, supplying specified cur- 
rent density to: 

Circuit No. the annular space between 

and column pipe. 

Circuit No. the annular space between 

pipe and casing. 
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Circuit No. the the well pipe, screen pipe and 

suction pipe. 

The anodes were supported insulated brackets 
welded every feet column pipe the inside 
hold anodes for protection the shaft tube and in- 
terior the column pipe (Circuit No. and the 
outside the column pipe protect the exterior 
the column pipe and interior casing (Circuit No. 2). 

The lower anode was centered the well pipe and 


screen pipe spiders located feet, feet and 120 
from bottom well. The spiders were con- 
structed wood, but during the first anode replace- 
ment was discovered that the wooden spiders had 
been damaged, new spiders composed metal 


were used the subsequent anode installation. Elec- 
trical connections were made means spark plugs 


anode was taken from connection through the 
suction pipe section and the ground level 
through the annular space between the column pipe 
and well casing. 

This installation was made July 1945 and the 


system operated continually until early 1947, some 
months after the installation, which time the 


pump capacity had dropped from 2900 2000 gpm. 
this time calcareous deposit was observed the 
discharge pipe the well. Also current was flow- 
ing the anode the well pipe which indicated that 
was out service. The other circuits still operated 
required amperage. 

The pump was pulled April 28, 1947, months 
after the first installation, new set anodes was 
installed and thorough inspection was made. was 
found that the drop pump capacity was due the 
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collapse the wooden spiders, pieces which lodged 
the entrance the pump section. All surfaces 
submerged metal removed riggers were com- 
pletely free any active corrosion. The surfaces in- 
spected were the pump shaft oil tube, column pipe 
inside and out, and pump bowls and suction pipe. 
inspection well casing could made since 
permanently installed. 

seems reasonable expect that magnesium 
anodes may provide cathodic protection deep well 
pumps where electrolyte resistance not 
Experimental applications now progress may soon 
offer further data. 


Conclusions 


Experience gained from installations during the 
past seven years indicates corrosion deep well 
pumps may mitigated proper application 
cathodic protection. 


Current applied should not exceed the critical 
current density plus minimum safety factor pro- 
vide maximum anode life. 


Mechanical supports for anodes should provide 
rigidity prevent outages due anode pump 
contact. Submerged connections should made care- 
fully prevent loss anode leads. 
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TTENUATION equations have been 
which describe the variations current, poten- 
tial, cathodic current density along long uniform 
structure being protected drainage from single 
point. later has described equations derived 
from these which described the conditions along 
structure having finite number smaller drainage 
points. Further modification the assumptions, in- 
cluding the consideration infinite number 
small drainage points, leads further simplification 
the resulting equations. This particular inter- 
est because the type installation employed 
the use magnesium anodes. 


The equations derived correlate well with actual 
experience, which has shown that the total current 
requirements are usually much smaller with distrib- 


*% A paper presented at the NACE Tulsa Section of the South Cen- 
tral Regional Division meeting in Tulsa, Okla,, Oct. 19, 1948. 


uted drainage than with the concentration associated 
with the use rectifiers. Most the excessive cur- 
rent used the rectifier type protective system 
attributable the wasted power expended low- 
ering the structure potential the immediate vicin- 
ity the drainage point more than necessary for 
protection; appreciable part the loss the 
loss the structure itself, incident larger cur- 
rents flowing through longer sections the line. 

The same nomenclature employed and 
later one the present will employed. 
All these equations are based upon certain as- 
sumptions uniformity, which the following may 

The pipe uniform section and conductivity. 
the usual case welded pipeline uniform unit 
weight, this assumption valid. usually tenable 
screwed line, but not line which Dresser 
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similar couplings are used. 
composite line must treated 
sections. 

The soil uniform re- 
sistivity. This never true 
practice, but even wide varia- 
tions soil resistivity produce 
surprisingly small 
the curves. Since the at- 
tenuation constant, varies 
the one-half power 
the leakage resistance; and 
turn, only partly deter- 
mined the soil resistivity, 
perhaps not surprising after 
all that should produce 
little effect. 

The leakage resistance, 
value more variable than 
the soil, being partly deter- 
mined soil resistivity. 
quite uniform, Short 
repaired and reconditioned 
lines (with higher than average 
bare 
meial casing (with lower than 
average introduce local 
variations the plotted curves, 
but either side these dis- 
turbances the attenuation 
normal. 

assumed that the line 
infinite length. Although 
this not actually true, the 
only effect the use the 
equations distortion near the ends the line; the 
values away from the ends are essentially the same 
the line were fact infinitely long; provided 
that does not, the end, tie structure with 
ground resistance very low compared that the 
structures under consideration. For example, well- 
coated pipeline connected terminal where there 
are large bare tank bottoms will affected for many 
miles; bare line will not sensibly different five 
miles away from such station than were 
actually infinite length. pipeline, coated bare, 
which isolated from pumping stations and tank 
farms insulated flanges, will show distortions only 
within few hundred feet the insulated joints. 

Not the nature basic assumption, but 
factor subject frequent misinterpretation, the 
change the effective value the leakage resistance 
with the continued application protective 
effect described polarization. assumed 
all the subsequent discussion that adequate time 
elapses after the application test protection 
current permit the polarization reach stable 
value, and this value which used the equa- 
tions. Current densities which are too small effect 
polarization will not yield results which are applica- 
ble much greater current consequently, 
determining attenuation constants test generators, 


ATTENUATION EQUATIONS 
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Figure 1—Attenuation Potential Change, Line Current and Cathodic Current Density, with distance 


along line from single drainage point. 


essential that the values derived from meas- 
urements taken after sufficient time has elapsed, 
and only within the effective range the drainage 
point. 

Figure shows the three basic attenuation equa- 
tions, for potential, current structure, and cathodic 
current density, all plotted against distance from 
single drainage point, for line with the following 

Pipe: 
kilofoot. 


Coating: None. 
Soil: 600 ohm-cm; 0.050 kilofoot ohm. 


0.022 ohm 
Re= y, Rx = 0.011 ohm 


inches OD, 22.36 lbs. per ft.; ohm per 


this were coated line, the potential the 
drain point would limited maximum 2.5 
volts negative, measured with reference standard 
copper-sulfate electrode. The same limit used here 
order obtain comparable results. Assuming the 
normal pipe-to-soil potential 0.6 volt, have 


volts; [1] 


0.85 volt used criterion for protection, 
can interpolated from the curve, calculated 


2.00 

1.00 

0.20 

: 
Pan 
Hous- 
ute. 


from [1], setting that this achieved 
far i.e., rectifier draining 172.8 am- 
peres from the line would fully protect 
9240 feet line. Partial protection would had for 
considerable distance beyond, however; and the 
entire line protected, units could spaced 
that each mid-point each the two adjacent 
units would contribute just half the required poten- 
tial change. Solving [1] for 
obtained. Thus indefinite length this line can 
placed under full protection draining 172.8 
amperes from each series points spaced 12,400 
feet apart; the average current demand will 73.5 
amperes per mile. 

there are 172.8 ampere drainage points dis- 
tributed along the line intervals 12,400 feet, then 
would appear from the principle superposition 
that some contribution the potential might 
made from the two units located 18,600 
feet from each midpoint. From equation [1] 
0.00053; the effect these distant units neg- 
ligible. 

There obvious loss power involved low- 
ering the potential the drainage point the un- 
necessarily high value 1.9 volts; not obvious 
first glance the 164 watt loss the pipe 
percent the total output, assuming 15- 
volt rectifier. saving current expected, 
then, smaller units are used closer spacing; say, 
amperes each instead 175. 


Again setting volt, from equation [la] 
the result shall have ampere units 
spacing 8920 feet, giving average current 
demand 47.4 amperes per mile. The loss the 
line has now dropped only watts, and any fur- 
ther reduction unit size will make shrink rapidly. 
Looking again the contributions more distant 
equation (la), 0.0025; the total contribution 
the two adjacent units now 0.005 volt, which not 
entirely negligible. still closer spacing shall 
expect still more important contributions, not only 
from the two units immediately adjacent, but from 
others more distant; but these effects can best 
exhibited further development the equations. 

Consider series equally spaced drainage points, 
each draining amperes from the line remote 
earth. Let the uniform distance between successive 
drainage points kilofeet. Then mid-point 
shall have potential change 


from the two stations immediately 


adjacent, 
from the next two, and on. Finally, 


= 
sinh(am) [4] 
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The latter form more convenient, since tables 
the hyperbolic sine are more readily available than 


those the cosecant. may wish assign 


values and solve for shall also use 
The results applying these two equations the 
line already discussed are tabulated Table and 
shown graphically the upper curve Figure 
Note that the newly derived expression gives spac- 
ing 6.21 12,420 feet compared with 12,400 
and average current demand 73.4 amperes per 
mile compared 73.5 obtained without considera- 
tion additional drainage points. When 
the 80-ampere units, the difference 
nounced; the spacing 9000 feet compared 
8920, and the current demand 47.0 amperes per 
mile compared 47.4; for still smaller units the 


TABLE 


Pipe: 854” OD, 22.36 0.00965 ohm per kilofoot. 
Coating: None 
Soil: ¢ = 600 ohm-cm.; Ri = 0.050 kilofoot ohm. 
Rx = 0.022 ohm; Ra = 0.011 ohm 
a = 0.439 per kilofoot 
Maximum Vo = 1.9 volt; minimum Vm = 0.25 volt 
Inve. = 26.4 amperes per mile (limit) 


Ta Vo m Amperes 
Amperes Volts sinh(am) Kilofoot per Mile 


autod utep sed 


Figure 2—Variation current demand per mile afford full protection, 

plotted against current drained per drainage point. Upper curve: Bare 

8-inch line low resistance (600 chm-cm.) soil. Lower curve: Same linc 
same soil, with coating equivalent percent bare. 
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difference more pronounced. Finally, try 
units smaller than amperes (on this particular 
line) are apparently unable, using only the 
original equations, obtain full protection even 
the drainage point. Only considering the com- 
effects several drainage points are able 
get true picture the protection which know 
can installed such line, with the use 
magnesium anodes. 

The current demand decreases rapidly with the 
initial decrease current per drainage point, but 
soon approachs limit, may seen from the 
fact that for small values sinham substan- 
tially equal am. actually equating them, 
obtain 


Equation [6] useful form determining current 
rejuirements for line which has been tested 
such way determine the attenuation constant, 
[7] merely Ohm’s law;; states that 
the current demand that current required pro- 
duce the desired potential drop across the leakage re- 
sistance. This true, course, only the limit; 
that is, for values small enough that sinh (am) 
for all practical purposes. The value for 
which this true varies widely for different lines. 

Table shows the same calculations for similar 
line the same soil, but considered covered with 
protective coating having conductivity corre- 
sponding percent bare. The variation current 
demand with unit drainage point size shown for 
this line the lower curve Figure will 
seen that for the coated line, the limit substantially 
attained lower values current, but larger 
values 

For the coated line, the maximum value cur- 
rent that can drained from single point without 
exceeding the potential limit only 24.4 amperes. 
spite this much smaller current, the greater length 
pipe involved such that the loss watts, 
about percent the total power delivered 
the line the rectifier. 

The values computed equations [6] and [7] are 
subject greater distortion non-uniformities than 
are the simple attenuation equations which they 
are based. alone the quantities involved may 


TABLE 


Pipe: 854” OD, 22.36 Ib./ft.; Rs = 0.00965 per kilofoot 
Coating: Fair—equivalent to 2 percent bare 
Soil: 9 = 600 ohm-cm.; Ri = 2.5 kilofoot-ohms 
Rx = 0.155 ohm; Ra = 0.078 ohm 
a = 0.062 per kilofoot 
Maximum Vo = 1.9 volt; minimum Vm = 0.25 volt 
0.525 ampere per mile (limit) 


Tave. 
Ta Vo m Amperes 
Amperes Volts sinh(am) @m Kilofoot per Mile 
24.4 1.900 7.600 2.726 44.0 1.46 
16 1.248 4.992 2.319 37.4 1.13 
8 0.624 2.496 1.645 26.5 0.796 
4 0.312 1.248 1.046 16.85 0.626 
2 0.156 0.624 0.589 9.50 0.555 
1 0.078 0.312 0.307 4.95 0.534 
0.5 0.039 0.156 0.155 2.505 0.526 
0.25 0.0195 0.078 0.078 1.258 0.525 


ATTENUATION 


EQUATIONS 


expected uniform, and, because the results from 
these two equations are ideal values, any variation 
encountered will probably have the effect increas- 
ing the current demand. 

One method application the determination 
from test tests run with generator storage 
battery, and temporary ground bed. the test 
reliable, equation [7] will yield the ideal minimum 
current which may expected protect the line. 
order approach this ideal minimum, will 
necessary maintain uniformity the size and 
spacing stations; variations needed match the 
terrain, fit available sites, and the like, will tend 
increase the furthermore, the “natural” 
unprotected potential the line will variable, and 
additional current will required protect the 
worst sections. The actual current consumed 
finished installation will vary from the values pre- 
dicted the equations factor ranging from 1.10 
for the most favorable conditions perhaps 3.0 for 
the worst. 

The foregoing discussion shows that given pipe- 
line may placed under protection maximum 
current economy the use large number 
relatively small drainage points; that the minimum 
current consumption may reached without the 
necessity supplying continuous drainage the 
spacing may great two miles well coated 
line without exceeding the theoretical minimum cur- 
rent more than percent; without the scope 
this paper complete the analysis showing 
that such small drainage points may installed 


TABLE 


Pipe: 854” OD, 22.36 lb./ft.; Rs = 0.00965 ohm per kilofoot 
Coating: Fair to poor 

Soil: ¢ = 100-400 ohm-cm 

Attenuation (from plotted Vx) « = 0.114 per kilofoot 


Potential required to raise observed pipe/soil potentials to 0.85 
volt minimum Vm = 0.26 volt 


lave. = (5.2822/Rg)Vm = 1.85 amperes per mile 
1.85 x 105 % = 1.94 amperes per mile anticipated current demand 


Optimum spacing: m 0.54//a2 = 4.73 
spacing = 2m = 9460 feet 


9460 
Current per station = 1.94 x = 3.48 amperes 


28) 

3610 feet 

1.60 amperes 

2.28 amperes/ mile 
2.28/1.94 = 1.18 


Actual average spacing 
Actual average current per station.................. 
Actual average current per mile.................... 
Attained factor of 


This line might have been more economically protected by the use of larger 
stations at somewhat greater spacing. 


TABLE 


Pipe: 854” OD, 22.36 Ib./ft.; Rs = 0.00965 ohm per kilofoot 
Coating: Fair 
Soil: 9 = 200-1100 ohm-cm 
Attenuation (from plotted V) a = 0.0588 per kilofoot 
Potential required to raise observed pipe/soil potentials to 
0.85 volt minimum: Vm = 0.26 volt 
0.492 amperes per mile 
0.492 x 105% = 0.516 amperes per mile anticipated current demand 
Optimum spacing: m = 0.54/2 = 9.20 
spacing: = 2m 18,400 feet 


18,400 
Current per station 0.516 1.72 amperes 

5280 
Actual average spacing used...............5---0008; 8820 feet 
Actual average current per station.................. 1.81 amperes 


1.06 amperes/mile 
1.06/0.516 = 2.05 


Actual average current per mile....... 
Attained factor of prediction............. 


It is believed that the current requirement test on which the attenuation fac- 
tor was based was not run on a typical section of the line; in the vicinity of the 
test site, the actual current applied was about 0.6 amperes per mile, giving a 
prediction factor of 1.16. 
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costs per ampere comparable with the larger ones 
typical rectifier installations. Other studies have 
been made, and are the process being made, 
which show that, the use expendable anodes 
magnesium, current may drained small units 
costs comparable with the larger drains associated 
with rectifiers. 


illustrate the degree conformity with the 
equations which may reasonably expected, two 
examples may given lines which were tested 
means generators and temporary ground beds, 
and which were subsequently placed under full pro- 
tection means magnesium anodes. The data are 
presented Tables III and IV. The “optimum spac- 


ing” listed was determined arbitrarily 


that economic balance between absolute minimum 
current demand and reasonable installation costs 


which value sinh(am) percent greater 


itself. not claimed that this will the eco. 
nomic balance for all lines encountered; the factors 
accessibility, proximity roads, avoidance 
tivated fields, etc., are much too variable 
accurate paper solution. addition these 


tors, frequently necessary vary the 


widely order take advantage low 
soil, protect short-circuited casings, and take 
other local conditions. 

short, the mathematical analysis here 
intended present picture the relations in- 
volved, rather than serve design for 
the extremely complex problem cathodic protec-| 
tion there yet adequate substitute for experi-| 
enced field design. 
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ALUMINUM VALVE CONSTRUCTION 


Aluminum ordinarily not considered 
material. However, number 
wrought and cast aluminum alloys 
have very satisfactory corrosion resistant 
and physical properties, and for this rea- 
son they lend themselves readily the 
construction valves. One benefit ac- 
cruing from the use aluminum alloys 
the great weight saving that can 
fact, one recent 
valve project the entire valve assembly 
aluminum alloy weighed less than the 
entire valve assembly fabricated from 
No. and No. gauge stainless sheet. 
recent application involved the selec- 
tion all-aluminum diaphragm valves 
chermurgic process wherein the 
valves were handle abrasive materials 
suspension atmosphere con- 
taminated with fumes sulfurous and 
low molecular weight organic acids. 
some the valves also were re- 
quired handle solutions sulfurous 
acids containing low molecular weight 
organic acids. 
The specifications required that the 
valve very light weight, yet suf- 
ficiently strong from structural stand- 
point resist pipe strain, distortion and 
strains from remote control valve opera- 
tion. 


The structural requirements were sat- 
isfactorily met with Alcoa 356 alloy 
for the body, bonnet, compressor, and 
valve handwheel. The valve stem and 
sleeve were stainless steel and bronze 
sleeve material, respectively, with these 
working parts separated from the alumi- 
num high strength plastic bearings 
order provide lubrication, smooth 
operation, and nongalling with the main 
aluminum parts. 


The valve bodies were satisfactorily 
lined one case with soft abra- 
sion-resisting rubber and another with 
specially compounded Ebonite for maxi- 
mum resistance the highly destructive 
sulfurous acid. 


The valve bonnet parts were satisfac- 
torily protected from atmospheric corro- 
sion properly coating with heat 
hardenable phenolic resin safeguard 
against the possible corrosion the 
aluminum bonnet parts through contact 
with sulfurous acid-contaminated at- 
these valve parts process liquors. 


The phenolic coating aluminum was 
field tested through suspension samples 
the top vapor head dis- 
column handling the acid liquors 
sulfurous acid and low molecular 
organic acids. the end six 


hnical director, Hills-McCanna Com- 


pany, Chicago, Illinois, 


McFARLAND* 


months’ test, the aluminum samples and 
their phenolic coatings were unaffected 
this service. 

all-aluminum valve the same 
design has found satisfactory application 
gasoline loading rack service, wherein 
was desired secure valve that 
was rustproof, light weight, unaffected 
pipe strain distortion, easily serv- 
iceable, and tight seating with the elimi- 
nation stuffing box leakage. 

Small size valves similar design 
also have been found very satisfactory 
use small high-speed combat craft, 
wherein these valves were utilized 
handle gasoline and distilled water. 
this case, because the possibility 
salt-water corrosion, sacrificial material 
was included the interior the bon- 
net assembly protect galvanically the 


aluminum bonnet parts from air and 
salt-water corrosion. 

Alcoa 356, alloy, also has been 
extensively used this valve design 
for distilled water service laboratory 
installations well large industrial 
distilled water apparatus. The silicon 
aluminum alloys have not contaminated 
the distilled water these all-aluminum 
systems, with the result that expensive 
block tin, pipe, pipe fittings, and valves 
have been eliminated these installa- 
tions. might mentioned that Alcoa 
B-214 alloy also has been used 
valve construction material for distilled 
water service; however, its use has been 
supplanted Alcoa 346 alloy 
because the ease procurability, high 
strength, and satisfactory corrosion re- 
sistance these latter alloys. 


Phenolic-lined aluminum 
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Conference Program Developing Fast 


Active work NACE committees 
the program for the 1949 conference 
Cincinnati, April 11-14, has brought 
number developments during the past 
several weeks. Eleven symposia, two 
which cover subjects general appli- 
cation and nine devoted problems 
special industry classifications, have been 
outlined. some technical 
papers for some symposia have been ar- 
ranged for, and all cases, completed 
arrangements are near. 

Fifty-five exhibitors will display the 
latest equipment and materials used 
corrosion control the Netherland 
Plaza exhibition rooms. addition, the 
National Bureau Standards 
tempiating exhibit and the NACE it- 
self has under consideration display 
its activities. All available exhibit 
space has been sold, evidencing the in- 
terest industry has the work the 
association. 

Current classification exhibitors 
follows: Chemical inhibitors, pro- 
tective coatings, corrosion-resistant 
materials, cathodic protection, recti- 
fiers and equipment, galvanic anodes, 
pipe line wrapping and equipment, 
pipeline and cathodic protection and 
service organizations, protective coat- 
ings (pipe line), instruments and in- 
spection, grease and oils, ceramics 
and transite, communications, mis- 
cellaneous, 

Another feature believed have con- 
siderable value and interest the pro- 
gram continuous motion pictures 
pertinent topics which will presented 
the hotel’s Julep Room. Members and 
visitors will have the opportunity see 
the latest films corrosion topics dur- 
ing the convention. 

Social events already arranged 
under consideration include 
and friendship hour. 

The schedule symposia 
given follows: Corrosion Principles, 
Cathodic Protection, Chemical Industry, 
Electrical and Communications Indus- 
tries, Gas Industry, General Industry— 
coatings, corrosion, 
boilers, machine tools, erosion; Oil In- 
dustry, Pulp and Paper Industry, Pro- 
tective Coatings, Salt Water, Transpor- 
tation Industry. 

Papers given under the various 
subdivisions will represent exposition 
the latest available technical and prac- 
tical information their respective 
topics. Abstracts already available indi- 
cate subjects will covered exhaus- 
tively. 

Exhibitors are preparing put dis- 
play for inspection conference mem- 
bers the latest devices and materials 


available for corrosion control. Informed 
and well-posted personnel each booth 
will available answer questions 
and extend information. 

Industry exhibits previous confer- 
ences were considered many 
one the most valuable features the 
conference that they gave the inter- 
ested opportunity see and compare 
one time, the various devices and 
matcrials being developed for the control 
corrssion. The 1949 conference ex- 
pected even more valuable this 
respect than former years because 
the intense efforts manufacturers have 
been making develop new means 
fight corrosion. 

Exhibitors also find conference time 
valuable that gives them oppor- 
tunity hear first hand some their 
customers’ problems. 

Committees working the details 
the 1949 conference believe arrangements 
year will reach new high 
efficiency and that the fact all activities 
are under one roof the Nether- 
land Plaza will meet approval all at- 
tending. 


Northeast Region and Philadelphia 
Section NACE held all-day joint 
meeting December Philadelphia 
Engineers Club, 1317 Spruce Street, 
Philadelphia. Talks practical method 
for combatting anaerobic bacterial activ- 
Factor Control Anaerobic Bac- 
McConomy and Weston, At- 
lantic Refining Co., Philadelphia; dis- 
cussion non-metallic material, “Fi- 
berglas Laminates, Their Physical prop- 
erties and Resistance Corrosion,” 
Dr. Nebesar Universal Moulded 
Products Corp., Philadelphia 
film, “Walls without Welds,” depicting 
Webster and Conlon the Na- 
tional Tube Co., 
tuted the program. 


Membership cards now are available 
all members the National Associa- 
tion Corrosion Engineers good 
standing. They will supplied only 
request. applying for the cards mem- 
bers are asked write clearly their 
names and addresses. The card, printed 
green, contains the NACE emblem, 
name the member, expiration date 
and signature the executive secretary. 


CORROSION 
PROBLEMS 


Questions and Answers for this section should 
be submitted to L. G. Vande Bogart, Crane Co., 
Engineering and Research Division, 836 S. 
— Ave., Chicago, Illinois. All questions 
will become property of NACE. Those not 
printed will answered Questions 
should carry sufficient detail to describe the 
problem. Answers to printed questions are 
solicited. Authors of questions will remain 
anonymous to readers, while authors of answers 
may remain anonymous by request. 


No. 1—In some oil wells which 


drogen sulfide present the 


other wells with the same 
sulfide concentration there 
decidedly less corrosion. 
explanation can offered for 


No. 2—What responsible for 
sion boiler blow-down piping 
concentrated boiler water which 
not corrosive within the boiler 
which does not yield 
Corrosion takes the form 
has the appearance oxygen 
centration cell attack. 


No. 3—Should accelerated corrosion 
non-metallic coating steel 


pipe) exposed chloride 
Aerated? Air free? 


No. 4—How should commercial 
num alloys listed with regard 
susceptibility stress 
cracking fresh water and 
water? 


No. 5—What are the qualifications 
metal should have order for 


No. condensate wells carbon 
agent. What the corrosion mech: 
anism this case? 


No. 7—When well tubing made 
comparatively noble material 
with casing made less noble 
terial can the casing 
possible galvanic 
from the noble tubing 
galvanic anodes: the 
space mud used fill the 
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Houston Section NACE held joint 
meeting with the Houston unit the 
American Society Mechanical Engi- 
eers Bill Williams’ Chicken House, 
{onday, November 15. “General Corro- 
ion,” illustrated talk, was given 
fonroe Shigley Dow Chemical Co. 
Shigley discussed corrosion prob- 
encountered the Gulf Coast re- 
ion and steps that have been taken 
olve them. Guests included Prof. George 
ege, chairman South Texas Section 
The Houston Section, because 


the Christmas season, will hold 
eeting December but will meet 
anuary. 


The Southeast Region NACE held 

fall meeting Atlanta November 
afternoon and dinner session with 
members present. Dr. Denison, 
Corrosion Section, Na- 
ional Standards, presented 
ravelog covering the fifteen Bureau 
tandards test sites. His discussion cov- 
types soil encountered and rela- 
ive corrosion rates for numerous mate- 
ials under test each location. also 
fundamental aspects vari- 
criteria for determining extent 
athodic protection. 


Dr. James MacKenzie, American 
ast Iron Pipe Company, led discus- 
ion electrolysis and the experience 
the application cathodic protec- 
ion, These problems were discussed 
elation oil, gas, and water pipe lines 
telephone cables. 


Juan Rios, Cuban Telephone and 
elegraph Company, Havana, Cuba, pre- 
ented interesting discussion “Cor- 
osion Problems Havana.” 

The meeting closed with short busi- 
hess session. 


The nominating committee consisting 
Jack Adams, Southern Natural Gas 
ompany, chairman; Paul Boyd, Geor- 
Power Company, and Swan- 
son, and T., submitted the follow- 
coming year: Range, Okonite 
outhern Natural Gas Company, vice 
hairman, and McCauley, Amer- 
can Cast Iron Pipe Company, secretary. 
entative plans for spring meeting 
arly March were completed. This 
all day conference ending 
joint dinner meeting with the Ameri- 
Society Metals and NACE with 
LaQue dinner speaker. 


“Combatting Corrosion with Paint,” 
address Dr. George Diehlman 
the National Lead Company was the 
joint meeting the North- 
Region and the Metropolitan New 
York section NACE December 
talk covered practical application 
paint structures exposed normal 
marine atmospheres. 


Election officers was scheduled 
December meeting the San 
Bay Area Section NACE 
the Auditorium, Oakland. 
Jr., consulting engineer gave 
talk “Inter-relation Between Micro- 
Deposits and Corrosion.” 
was held also. 
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PREPARING MANUSCRIPTS 
FOR PUBLICATION 


(In One Easy Lesson) 


(Following short outline 
for the information authors 
preparing manuscripts for publi- 
cation CORROSION). 


Mechanical 

typed, double-spaced one side 
the paper, leaving margin 
least one inch all around. 

Normally three copies each manu- 
script are required. most cases 
will satisfactory supply only 
one copy figures suitable for 

Pages should numbered consecu- 
tively from front back. 

All Figures should numbered con- 
secutively they are referred 
text. 

All tables should numbered con- 
secutively they are referred 
text. 

have tables and illustrations 
separate from text. 

References should indicated 
text with superior figures, num- 
bered consecutively thev occur 
text. They should collected 
order their occurrence sepa- 
rate sheet becoming the last page 
the manuscript. 

Photomechanical reproduction proc- 
esses requiring decrease in- 
crease size original figures 
make mandatory that the copy for 
figures clear and capable the 
required alteration. most cases 
original drawings, tracings, photo- 
graphs are necessary get proper 
reproduction. Drawings black ink 
white paper reproduce best. 


Sufficient identification always should 
given compiling discussion 
the answer thereto that they 
may properly added the manu- 
script which they refer. 

When duplicated copies are supplied 
for printing, each copy should in- 
spected for illegibility, and illegible 
portions clarified. 


II. Editorial 

All copies manuscripts consist- 

orally-delivered paper normally will 
require extensive editing. 

Preferred person third. 

Tense should same throughout. 

Subdivisions and their indices 
should consistent. 

Delete modify all references 
matter used oral presentation 
and not included manuscript for 
publication. 

Make editorial corrections legible. 
Use soft black pencil. extensive 
corrections, additions changes are 
necessary desirable write the 
matter separate sheets and indi- 
cate inserts. 

Standard proofing marks may 
found the appendix unabridged 
dictionaries. 

Correct all copies. 

Check the accuracy and complete- 
ness all references. 

sure captions and cut lines for 
figures and tables are correct and 
complete. 


all this has been 
achieved, carefully review the manu- 
script, checking each point sure 
that all have been covered. 


whe 


PERSONALS 


Dr. Denison, Underground 
Corrosion Section, Bureau Standards, 
completing his biannual trip removing 
soil test specimens from the fifteen sites. 
Dr. Denison reports that has had 
very pleasant contacts with NACE 
members throughout this trip. Ten mem- 
bers and interested parties were present 
the test site Atlanta when the 
specimens were removed Saturday, 
November 27. was apparent that 
Atlanta’s site one the least corro- 
sive areas. 


Juan Rios, Cuban Telephone and 
Telegraph, Havana, Cuba, came At- 
lanta November for the South Cen- 
tral Regional meeting. During his short 
stay conferring with the telephone 
people cable corrosion problems. Mr. 
Rios the only member NACE 
Cuba. 


Henry Allen, formerly with The Dow 
Chemical Company has joined the staff 
Cathodic Protection Service and will 
have his headquarters Houston. The 
firm has moved its new permanent 
location 1801 Bissonett. 


Hieronymus, Barret Division, 
Allied Chemical and Dye Corporation 
Texas area has been transferred the 
Tulsa, Oklahoma area his firm. 


Walter Bates and Dr. George 
Rugar will manager and assistant 
manager respectively Diamond Alka- 
li’s new technical service division. 


Neevins has been named general 
manager Mathieson Chemical Corpo- 
ration’s newly formed ammonia depart- 
ment. 


Francis Frary, director research, 
Aluminum Company America, New 
Kensington, Penna. has been elected 
receive the gold medal the American 
Society for Metals for 1948, for out- 
standing metallurgical knowledge and 
versatility application science 
the metal industry. 


Lundell, for many years head 
division chemistry, National Bureau 
Standards, has retired. 


| 
| 
| 
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BOOK REVIEWS 


PREVENTION IRON AND 
STEEL CORROSION: “Processes 
and Published Specifications” 
Dinsdale, Sc., F.I.M. Published 
October 25, 1948 (postage 3d) 
The Louis Cassier Co. Ltd., size 
D8vo pages. Cloth 
bound with jacket. 

This book attempt compile 
complete index processes and pub- 
lished specifications relating the pre- 
vention the corrosion iron and 
steel, and the 
connected therewith. 

The matter divided into three parts: 
Methods preventing corrosion (bro- 
ken down into eleven groups), cleaning 
metal parts and codes practice. Two 
appendices deal with authorities issuing 
specifications and with paint and paint 
component specifications. 

The author has had the cooperation 
the Ministry Aircraft Production, 
Armament Research Department (Wool- 
wich), British Standards Institution, 
B.I.S.R.A. Corrosion Laboratory, Re- 
search Association British Paint, 
Colour and Varnish Manufacturers, Brit- 
ish Cast Research Association, 
Chemical Research Laboratory, 


STRESS-CORROSION TESTS 
HIGH-STRENGTH ALUMINUM 
ALLOY SHEET. Hugh Lo- 
gan and Harold Hossing. pp. 
Supt. Documents, Washington 25, 


Report corrosion tests 
high-strength aluminum alloy sheet. Ma- 
terials investigated were aged 
hours 375° R301-T; bare and 
clad 75S-T; bare and clad R303- 
and bare and clad R303-T315 alloys. 
These materials were exposed un- 
stressed and stressed tension three- 
quarters the yield strength 
sodium chloride- drogen peroxide solu- 
tion and marine atmosphere. Zinc- 
bearing alloys, 75S-T and R303-T also 
were exposed, while stressed bowing, 
boiling percent sodium chloride 
solution. Corrosion damage was evalu- 
ated from losses tensile strength and 
elongation. Commercial 24S-T material, 
aged four hours longer, and other 
alloys supplied the manufacturers, 
with the exception R301-T alloy, were 
resistant stress-corrosion cracking. 


PUBLICATIONS THE 
TIONAL 
STANDARDS. Circular 460. Supt. 
Documents, U.S. Government 
Printing Office, Washington 25, 
C., cents. 

Listing all Bureau publications from 
1901 June 30, 1947. Brief abstracts 
publications issued from January 1942 
June 30, 1947 also are included. 


TECHNICAL BOOK—Phos- 
phor Bronze Corp., 2200 Washing- 
ton Ave., Philadelphia 46, Penna. 
charge. 

Sections cover phosphor bronze strip 
and sheet, wire, rope, castings, bushings 
and ingots. Tabular data includes physi- 
cal properties, chemical analyses, special 
spring design and machinability data. 
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NEW PRODUCTS 


Materials Service Literature 


Modern coating and wrapping small 
diameter steel pipe will done the 
70,000 square-foot plant Standard 
Pipeprotection, Inc., 3000 Brentwood 
Blvd., St. Louis, Mo., which began op- 
erations this month. Cost the plant, 
and its 20-acre site given $500,000. 
Plans for expansion the Brentwood 
plant and construction two other 
plants the Southwest are being made. 
president, Hugh Baird, Evanston, 
vice-president and John Wilson 
Tenafly, J., secretary-treasurer. All 

officers formerly were with Barrett Di- 
Allied Chemical and Dye Corp., 


Iron Oxide electrical insulators be- 
tween iron laminations generators and 
motors are being used Westinghouse 
Electric Corp. Oxides formed above 570° 
have low resistance because FeO 
formed this temperature subsequently 
decomposes into free iron and 
Lack uniformity was overcome 
new process steam oxidation which 
annealing and oxidation processes were 
combined. The electrical sheet steel was 
placed heat-treating furnace, an- 
nealed and then brought down below 
570° for the steam oxidation. The coat- 
ing formed moisture 
proof, the company claims, and provides 
good base for finishing operations. 


“Quinterra.” new, inorganic, asbes- 
tos-base flexible sheet now being pro- 
duced Johns-Manville. The sheet 
intended for use electrical insulation 
and can made from 1.5 mil mils 
thick. Manufacturers say the material, 
which closed structure, and has the 
general appearance paper, has high 
dielectric strength well over 250 
even high temperatures. being 
supplied long lengths roll tape 
form thin gauges for electrical wire 
insulation and slightly thicker for layer 
insulation. 


Zinc rods. fitted with standard pipe- 
plug ends designed screw into heat 
exchangers, piping and other hydraulic 
equipment provide corrosion protec- 
tion are being manufactured Roto- 
metals, Inc., 980 Harrison St., San Fran- 
cisco Cal. The rods, called “Cor-ins” 
are made %-inch, 
and diameters and 
lengths inches. The manufac- 
turers claim the rods extend the protec- 
tion galvanizing, extend life in- 
stallations which corrosion conditions 
not seem severe and appear have 
basic application systems subject 
deterioration because electrolytic ac- 
tion. Non-exclusive distributorships are 
available. 


Gerotor May Corp., Baltimore Md. 
has prepared 16-page catalog section 
describing its entire line air cylinders. 
Designed help the engineer lay out 
air circuits, called Section No. 53. 


Nondestructive magnetic method 
measuring composite copper nickel 
ings steel has been developed 
National Bureau Standards. The def 
vice utilizes two magnets 
strength conjunction with set 
previously determined calibration 
for each magnet. Accuracy measure} 
ments total thickness 
coatings from 0.0005 0.003 inch 
within about percent. Thickness 
component layers can 
Technical details are found 
“Magnetic Measurements the 
ness Composite Copper and 
Coatings Steel,” Abner 
and Eugenia Kellogg, Research 
40, 295 (1948). 

Methly Methacrylate resins have 
approved for use signs 
writers Laboratories’ report with 
posed for wood similar use. 

hangars instantly concrete 
offered the Mine Safety Applia 
Co. The 5-pound tool fires 
the surface against which the barrel 
pressed. Holding power 
thousands pounds claimed. 
plete safety and one-hand, recoilless 
eration also are claimed. 

New series plastisols and 
compound designed for high heat 
ance applications will marketed 
American Anode, Inc., Akron, 
Manufacturers claim the plastisols will 
supplied bubble-free, and may 
used for coating metals, wire, pipe 
wood, textiles and paper. Fire and toxi 
fume hazards are not present, 
claimed. Articles dipped, coated, 
brushed with the new latex 
pound are able resist temperatures 
high 400 degrees F., the 
turers say. 

Fluorine and hydrogen fluoride 
sion metals high temperatures 
the subject 4-page technical 
The report, offered reprint form 
The International Nickel Company, 
Wall Street, New York City 
materials these agents. 

Contract for installation 
lead, lead pipe and other apparatus 
the Utah plant 
Copper Corporation has been let 
Andrews Knapp Construction Co., 
New York City. Refinery capacity 
12,000 tons monthly. 

Cerro Pasco Copper Corp. 
has named Peck Steel and Die Sup 
Los Angeles, Cal., West Coast 
tributor for Cerro low- 
melting alloys. Anton Peck, 
the California firm, member 
American Society Tool 
has had over years experience 
metals and machinery field. 
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NATIONAL ASSOCIATION 
OF CORROS! 


COATINGS 


Studies Anti-Fouling Compositions 
Barnes, BISRA Marine Corr. 
Sub-comm. Paper MG/BC/48/47 (1947) 
Iron Steel Inst. 157, Pt. 
Experiments determine the weight 
osses from graded series varnish 
over two successive 40-day 
eriods when exposed the sea during 
winter. Composition used contained 


acid resin and basic pigment (cu- 
rous oxide). their preparation, reac- 
between these two components 
place, copper soaps are formed 
are soluble readily dispersed 
the medium, The amount copper 
formed the medium related the 
mount resin, the cuprous oxide pres- 
and the milling time. Over the 
days the loss proportional 
the percentage resin the varnish. 
presence inert binders depresses 
rate loss. the second period 
(40-80 days) the weight losses were 

uch less and seemed have clearly 
dependence the varnish com- 
ponents, During this period calcium 
become deposited the film ma- 
Losses are due removal resin. 
Acidic material present the layers 
the film, even after considerable 
losses have taken place. Further 
the role bacteria the solu- 
these films needed, Tables and 


Protective Metallic Coatings 
Burrow, Australasian Eng., 
(1946) Dec. 

prize essay the competition con- 
the Melbourne Branch the 
Australian Institute Metals. All the 
methods protection are de- 


Metallizing Takes Over. Edwin Laird 
Cady, Sci. Am., 201-203 (1947) May. 

Metallizing copper heat-exchanger 
tubes with aluminum and 
1600° (871° C.) for hr., 
better heat-resisting properties 
the tubes. The lives cast-iron pots 
for carburizing steel products can 
prolonged metallizing with alumi- 
Tests have shown that sprayed 
bearing surface has bet- 
bearing properties than machined 
the same steel. The making 
dies, moulds, and pans intricate 
contours rapidly advancing field 


Casein and Soya Bean Protein Glue: 
Bur. Plant Ind., Soils Agr. Eng., 
Forest Path. Spec. Release, No. 25, pp. 
(1945) Exp. Sta. Rec., 94, 742 (1946) 
Text 37, No. 11, A486 (1946); 
ackaging Absts., No. (1947). 

species penicillium, either alone 
working with bacteria, are mainly re- 
Sponsible for mould attack the pro- 
tein used plywood manufacture. 


Sodium trichlorophemate proved 
tive against both moulds 
whereas sodium o-phenylphenate was 
only effective against bacteria. so- 
lution sodium pentachlorphenate did 
not weaken the casein 


Selection Protective Coatings for 
Metals. Compton, Bell Telephone 
Labs., Paper before Sym. Modern 
Metal Protection, Cleveland, Oct. 1947; 
abstr. Steel, 121, No. 18, (1947) 
Nov. Corrosion, 112-122 (1948) Mar.; 
Canad. Chem. Process Inds., 13, No. 11, 
(1947) Nov. 

Corrosion and physical tests made 
determine the suitability protective 
coatings for metals described, and in- 
struments used the Bell Telephone 
Laboratories are illustrated. Physical 
tests organic coatings are more exten- 
sive than metallic coatings, and in- 
clude tests for hardness, distensibility, 
abrasion and impact resistance, and ad- 
herence metals. The protective value 
various metallic and organic coatings 
discussed. Thin coats zinc cad- 
mium provide cathodic protection 
pores and scratches but are themselves 
susceptible corrosion. uncon- 
taminated atmosphere with moisture and 
tests, cadmium gives more protection 
than zinc. Thicknesses 0.0005-in. for 
indoor and 0.002-in. for outdoor exposure 
are practical minimum for nickel, tin, 
copper chromium coatings. Phosphate 
coatings steel have little protective 
value. Ceramic and organic coatings, 
enamels and lacquers are also discussed 
briefly. 


Plastics for Insulating and Protecting 
Instruments from Water Humidity. 
Harris, Off. Tech. Serv. Report PB. 
53026, pp. N.P.V.L. Abs., No. 
127, 290 (1947). 

brief discussion plastic coatings 


suitable for insulating electrical acous- 
tic apparatus from water high humid- 
ity, and especially instruments which 
must immersed sea water. The 
recommended materials are polystyrene 
and Vinyl resin compns., balata, polyiso- 
butylene, polyethylene, rubber derivs., 
polyacrylates and phenolic resins.—RPI. 


Coating for Eloxal-Treated Light 
Metals. Giehmann, Off. Tech. Serv. Re- 
port PB. 61958, pp., (1937) 
Abs., No. 128, 321 (1947). 

number grease- and enamel-like 
impregnating materials were tested 
suitability for imparting added corrosion 
protection anodically oxidized alumi- 
num. the case Eloxal-treated air- 
craft coverings, the Eloxal layer pro- 
vides base for single-coat color en- 
amels which increases the adhesive qual- 
ities and durability the enamel. Data, 


tables and photographs are included.— 
RPI. 


Surface Protection Synthetics the 
Rayon Industry. Friedrich, Kunstseide 
Zellwolle, 22, 2114, (1940); Peint. Pig. 
Vernis, 18, No. 74D (1943). 

Information given the use 
cellulose ethers, urea and phenolic resins, 
various other synthetics, and corrosion- 
inhibiting pigments.—RPI. 


German Aircraft Protective Coatings. 
Acker, Misc. Report No. 54, 
pp. (1945). 

Formulae for zinc 
and finishes for aluminum alloys are 
given. The surface treatment for mag- 
nesium was nitric acid etch followed 
soaking potassium dicloromate and 
water rinse. For tail pipes jet en- 
gine exhausts aluminum heat-resistant 
paint was used. sealant for integral 
fuel tanks aluminized predoped fabric 
tape was used, coated assembly with 


Abbreviations the end abstracts indicate source abstract and contributor; and are 


follows: 


Review, Institute Sciences, Inc. 
The Abstract Bulletin, Aluminum Laboratories, Ltd. 


Journal, American Water Works Association 


Battelle Library Review, Battelle Memorial Institute Library 

Bulletin; British Non-Ferrous Research Association 

Calco Chemical Division, American Cyanamid Corp. 
Chemical Engineering, McGraw Hill Publishing Co. 


Consolidated Edison Co. New York, Inc. 


Electrical World, McGraw Hill Publishing Co. 


General Petroleum Corp. California 
The International Co., Inc. 
Institute Petroleum 


Metallurgical Abstracts, Institute Metals, London, Eng. 


Metals Review, American Society Metals 
National Bureau Standards 


Refrigeration Abstracts, American Society Refrigeration Engineers 


Revue Matallurgie, Paris, France 


Review Current Literature Relating the Paint, Colour, Varnish Allied 
Research Association British Paint, Colour Varnish Manufac- 


turers, London. 


Technical Data Digest, Air Materiel Command—Technical Service Section 


Universal Oil Products 


Code.....................Current Technical Literature, Bell Telephone Laboratories 
5 


aluminized acrylic ester. Aerodynamic 
smoothing discussed.—RPI. 


Zinc Chromate. Zinc Development 
Assoc., Z.D.A. Pamphlet, pp. 

bibliography refs., but without 
covering the period 1908-1942. 
—RP 


Salt Spray Foiled Zinc De- 
velopment Assoc., Zinc Bull., 4-5 (1947). 

Metallic zinc/zinc oxygen primers have 
given good protection over period 
seven years two steel bridges the 


Aluminum-Coated Steel. 120, No. 
13, 80-81-++ (1947). 

Characteristics and properties alu- 
minum-coated steel, made continu- 
ous hot-dip process, are given, with 


ABSTRACTS 


notes finishing, gas-, arc-, and spot- 
welding, and brazing (with aluminum 
alloy brazing rod and 


Plastic Undercoating Passenger 
Cars. Anon., Rail Age, 26, 53, (1947); 
Rail. Eng. Abs., (1948). 

Some American railways are experi- 
menting with the spraying plastic 
coating %-inch thick the underslung 
parts coaches such battery housings 
and the bottoms under-frames and 
attachments. Application the plastic 
coating expected afford protection 
the metal parts from wear due 
ballast particles being sucked the 


Anti-Fouling Paints. Anon., Peint. 
Vernis, 23, No. 11, 346 (1947). 
Zinc-oxide used, preference 


PROTECT YOUR PIPE LINE 


CASING 


Equipped with exclusive T-gasket for posi- 
tive water-tight seal and insulation of pipe 
from steel flanges, this improved ‘“‘casing 
seal’’ is designed for easy installation at 
each end of pipe-line casing under right-of- 
way crossings. 

WmSEAL Casing bushings are readily in- 
stalled because they offer: 

* Large center hole for loose fit around 
coated pipe. 

* Generous clearance inside of casing before 
bolts are tightened. 

* Easily opened after removal of only one 
bolt, for closing around installed pipe line. 
WmSEAL Casing Bushings are widely used 

as wall sleeves for valve boxes, manifolds, etc, 


*Patents Pending 


Williamson Pipe Line 
Casing Insulators* 


This device—simple, rugged, eco- 
nomical—supports and guides the 
leading end coated line pipe into 
the right-of-way casing under rail- 
roads and highways. 

Additional Casing insulators, 
clamped around the pipe every 
feet, serve three purposes: 


1—To protect the pipe coating. 

2—To act pipe skids, facilitating 
installation. 

3—To separate pipe and casing, as- 
suring permanent insulation for 
cathodic 


Jan., 


bentonite, etc., diluent for oxide 

the total pigment. Metallic pigments 
e.g., zinc and iron powders, exert ing 
hibitory effect the toxic 
copper, but not cuprous oxide. 
powder, however, the best diluent 
mercuric oxide, zinc oxide for 


Protection Black Iron Roofs 
Rabaul, New Britain. Munitions 
Laboratories (Victoria), Paint 
No. 129 (1947). 

Two coats aluminum paint 
mented with Ibs. per gallon) 
coats red-oxide roofing paint are 
gested for the protection black 
roofs under tropical conditions and 
sulphurous atmosphere.—RPI. 


Paint Protection for Light 
Anon., Farg. och Fernissa, No. 
Paint Manuf., 12, 427 (1947). 

Permanent elasticity stressed 
important requirement paint 
used protect aluminum and and 
alloys. Some unorthodox views 
corrosion aluminum and 
are 


Developed Materials. Anon., Machinery, 
169-181. (1947); Austin Tech. News, 
212, (1947). 

Tabulated lists arranged 
are given class use 
trade name (American), properties 
applications. Among the types 
terial listed are rust inhibitors and 
movers, adhesives, degreasers, 
ing solutions and protective coatings— 


There’s More Good Finishes 
Meets the Eye! Manufacturing, 
No. 89-91, (1947) Aug. 

finishing compounds that are used 
metal surfaces prior bonding 
organic finishes assure good 
phosphate-type compounds being thé 
scope this discussion. 
classification prefinishing methods 
preparing metal surfaces for 
finishes tabulated. Phosphate 
corrosion barriers are discussed4 


INCO. 


Simple Dip Finish. Die Castings, 
61. (1947) Dec. 

Tells how simple zinc plate 
“Unichrome” clear dip produces 
clear conversion coating which looks 
chromium plate when applied 
castings. The dip treatment forms 
conversion coating consisting 
oxide and zinc chromate, which has the 
same kind eye appeal 


Protection Against Corrosion. 
Belge Pour L’Etude, L’Essai 
des Materiaux, Chim. Peint., No. 21% 
25; No. 245-64, (1947). 

report the Belgian 
for studying the protection 
various exposure stations and 
laboratory investigations Belgium 
other European countries.—RPI. 


New Chemical Coating 
Metals. Anon., Chem. Industrie, 59, 
(1946); Brit. 298, (1947). 

Polyvinyl butyral (100) 


MANUFACTURED 


New York 17, New York 

STRENGTH: Excellent strength factors are obtained from millions continuous glass 
filaments which prevent rips, wrinkles tears during application. 


INITIAL ABSORBENCY: Class Pipe Wrap has natural affinity which causes 
pick more coating than other materials the same thickness, thus eliminating 


SUPERIOR CONSTRUCTION: Glass Pipe Wrap similar woven material 
with continuous filaments traveling across its entire width contrast the short fibre 


QUALITY: Glass Pipe Wrap always uniform thickness, width and length. 


CONVENIENCE: Manufactured rolls wide, 400 feet long with 
core, *Perrault Glass Pipe Wrap available form best suited your particular 
application. 


LIGHT WEIGHT: Lighter far than old style wrappings, *Perrault Glass Pipe Wrap saves 
time, money and labor quicker and easier installations. 


UTILITY: Because its light weight, uniformity, and great strength, *Perrault Glass 
Pipe Wrap spools freely providing use every foot every roll without tearing. 


RESISTANCE: Glass filaments are flexible, highly permanent, and resistant mildew, 
rot and moisture, well the corrosive action soil. 


POSITIVE PROTECTION: Glass filaments well binding materials are non-reactive 
which assures complete physical, chemical and electrical protection your pipe lines. 


10. ECONOMY: The greater uniformity and strength *Perrault Glass Pipe Wrap provides 
better protection resulting much longer pipe line life for the same amount money. 


and Engineered the Glasfloss Corporation for Distribution Perrault Brothers. 


YOUR PIPE LINE WITH LONG TERM INVESTMENT 
WILL PAY DIVIDENDS FOR YEARS COME! 


This Symbol Member- 
ship your Assurance 
Job well done— 


tells you that each member this 
Association has access the accumu- 
lated and experience 
the entire membership. 


your assurance the highest 
standards quality materials and 
workmanship, the latest equipment 
and most modern galvanizing 
methods. 


Write the Association Members 
nearest you. They will gladly give you 
estimates information any gal- 
vanizing requirements. 


ALABAMA 
THE LERIO CORPORATION, MOBILE 


CONNECTICUT 
WILCOX, CRITTENDEN & CO.,INC., MIDDLETOWN 


GEORGIA 
ATLANTIC STEEL COMPANY, ATLANTA 


ILLINOIS 
EQUIPMENT STEEL PRODUCTS, BLUE ISLAND 
JOSLYN MFG. & SUPPLY CO., CHICAGO 
STANDARD GALVANIZING CO., CHICAGO 


MARYLAND 
SOUTHERN GALVANIZING CO., BALTIMORE 


MICHIGAN 
RIVERSIDE FOUNDRY & GALV. CO., KALAMAZOO 


MISSOURI 


COLUMBIAN STEEL TANK CO., KANSAS CITY 
MISSOURI ROLLING MILL CORP., ST. LOUIS 


NEW JERSEY 
DIAMOND EXPANSION BOLT CO., INC., GARWOOD 
L. 0. KOVEN & BROTHER, INC., JERSEY CITY 
INDEPENDENT GALVANIZING COMPANY, NEWARK 


NEW YORK 
THE THOS. GREGORY GALV. WORKS, MASPETH 
JEFFERSON UNION COMPANY, INC., NEW YORK 


OHIO 
THE FANNER MFG. CO., CLEVELAND 
THE NATIONAL TELEPHONE SUPPLY CO., 
CLEVELAND 
THE WITT CORNICE COMPANY, CINCINNATI 
COMMERCIAL METALS TREATING, INC., 
TOLEDO 


PENNSYLVANIA 
LEHIGH STRUCTURAL STEEL CO., ALLENTOWN 
PHILA. RANGE BOILER & TANK CO., 
COATESVILLE 
COLUMBIA MALLEABLE CASTINGS CO., COLUMBIA 
AMERICAN TINNING & GALVANIZING CO., ERIE 
HANLON-GREGORY GALVANIZING CO., 
PITTSBURGH 
OLIVER IRON & STEEL CORP., PITTSBURGH 
PENN GALVANIZING COMPANY, PHILADELPHIA 


TENNESSEE 
COMBUSTION ENGINEERING CO., INC., 
CHATTANOOGA 
M. M. HEDGES MFG. COMPANY, INC., 
CHATTANOOGA 


WASHINGTON 
ISAACSON IRON WORKS, SEATTLE 


WISCONSIN 
ACME GALVANIZING, INC., MILWAUKEE 


ABSTRACTS 


metal surfaces give coating 
which inhibits corrosion (including 
creeping corrosion) and forms 
which standard primers adhere tena- 
ciously.—RPI. 


Stainless Steel Paint. Chem. Age, 57, 
No. 1474, 516 (1947); also Ind. Fin., 23, 
No. 12, 11, 131, (1947). 

Stainless steel powder, sold paste 
form and used spar varnish, lacquer, 
other paint media, protects the sur- 
face which applied against acids, 
fumes and chemicals and has high dura- 
bility. The material also available 
flake form.—RPI. 


Plastic Protective Coatings. Anon., 
Chem. Age, 57, No. 1482, 722-3 (1947). 

Polythene, Thiokol and other thermo- 
plastic high polymers can applied 
flame spray clean dry metal surfaces 
with Schori pistol and form tough, 
highly resistant surfaces. Polythene 
cools hard film minute two. 
Thiokol remains tacky for some hours 
after spraying but has remarkable im- 
pact resistance and therefore used 
shot blasting cabinets. Applications 
polythene include coatings for metal 
stirrers and electrically insulating coat- 
ings for jigs and hangers electroplat- 
ing 


Performance Tests for Protective 
Schemes Embracing Stoving Paints. Brit. 
Standard Inst., B.S., 1391, 
pp. (1947). 

specification for testing steel coated 
with one coat paint applied over 
pretreatment metal coating, Details 
the test and standards assessment 
are 


Synthetic Coating. Autom. Industries, 
97, No. 12, (1947) Dec. 15. 

synthetic coating, known Uni- 
chrome coating, 218 which can 
built extra-heavy thicknesses was 
developed United Chromium, Inc. 
Primarily designed insulate and pro- 
tect electroplating racks, baking 


Jan., 


synthetic, applied spray 
ing and when cured 350° F., 
sleek, elastic coating. 
mechanical abuse without 
tearing lifting from equipment 
which applied, and variety 
strong chemicals addition 
cleaning solutions and all plating 


Painting Aluminum Busses. Auto. 
dustry, 98, No. 40-41, 66, (1948) 

The Twin Coach Co., Detroit, 
igan, designed number 
masks use when painting their busg 
which are percent aluminum. 
masks are clamped over the 
moulding protect both the 
and moulding during painting. 
and the decorative aluminum 
around the exterior every coach alg 
are masked. Masking paper tape 
applied over the edges the 
completely seal the opening. 
cleaning the entire surfaces, special 
are given zinc chromate primer 
fore the paint sprayed on. Use 
masks enables many three 
sprayed once. After the 
sets for few minutes the masks 
removed and the buses moved 
baking 


Control Wood Decay 
Preservatives. New York State 
College, Am. Paint and Oil Dealer, 39, 
18-9, 76-8 (1947). 

general review. Some 
tests various fungicides are 
these tests zinc copper 
were more effective 
phenols PhHg oleate. More 
still were mixtures the metallic 
thenates and chlorinated 


Primers for Ferrous Metals 
mospheric Exposure. III. New 
Paint and Varnish Prod. Club, Am. 
J., Convention Daily, 32, No. 7-D, 
(1947). 

progress report. series pain 
has been applied cold-rolled 


Bulletin 

The Correlating 
Committee 
Cathodic Protection 


The fundamentals 


Cathodic Protection are 
Simple, but solution the 
inherent technical and 


economic problems requires 


high degree technical 


Electro Rust- the technical skill and offers the 
services competent design, installation and service organiza- 
tion capable handling all phases Cathodic Protection for 
tanks, pipe lines and other structures contact with water soil. 


ELECTRO RUST-PROOFING J.) 
BELLEVILLE NEW JERSEY 
REPRESENTED PRINCIPAL CITIES 
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CORROSION—-NATIONAL ASSOCIATION CORROSICN ENGINEERS 


FIELD SERVICE: The Barrett Pipeline Service 
Department and staff Field Service men 
are equipped provide both technical 

and on-the-job the use 
Barrett* Enamel. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


*Reg. U. S. Pat. Of. 


the construction corrosion-proof pipelines, 
experience has demonstrated the economy 
adopting effective protection system. 

The use Barrett* coal-tar enamel assures the 
economy your investment and eliminates 
the necessity few years digging up, cleaning, 
repairing and recoating pipeline that was 
improperly protected when put into the ground. 

Because coal-tar enamels provide stable 
insulation steel pipe, fewer Cathodic Protection 
installations are needed, thus reducing capital 
investment and requiring minimum amount 
electrical current, maintenance and 
amortization annually. 

Barrett* coal-tar enamel, which possesses 
high dielectric strength, provides 
constant, uniform and long-lasting 
stable underground insulation, and 
retains electrical stability over 
long period years and under 
varying conditions soil and climate. 


i 
soil. 


born, hot-holled angles, electrolytic zinc 
and ingot iron panels, Physical con- 
stants the paints are reported, but 
weathering tests are 


Use Aluminum Paint Increased. 
American Metal Market, 55, No. 14, 
(1948) Jan. 21. 

According Aluminum Import Cor- 
poration, member the Aluminum 
Limited group, widened use alumi- 
num paint throughout the world indi- 
cated increasing sales Alpaste. 
Large quantities the material recently 
have been ordered from the company 
paint manufacturers various sec- 
tions Latin America, and export 
houses for shipment Europe, Africa 
and Asia. Because Alpaste like liquid 
metal, makes durable, protective 
shield wood, concrete, metal, brick 


PIPE NIPPLES and 


ABSTRACTS 


and other materials. Because the 
manner which millions minute 
aluminum flakes overlap each other, the 
paint has unusual opacity and coverage. 
can used both for finishing and 
primer.—ALL. 


Asbestos Aluminum Coating. Alcoa 
Aluminum News Letter, Aluminum Com- 
pany America publication, page (1948) 
Jan. 

combining tiny flakes Alcoa Albron 
aluminum with weatherproofing mate- 
rial and asbestos fibres. This coating 
may used asphalt, concrete, metal 
tar and applied brush spray. 
roofs protects against the atmos- 
phere and reduces 
tures. Its soft metallic sheen beautifies 
and modernizes concrete cement 


PIPELINE FLANGES 


WRITE FOR VALUABLE, NEW BULLETIN 


For period years the Nelson Electric Manufacturing Com- 


pany has been furnishing Phenolic Insulating Materials for pipe 


nipples and the insulation pipeline flanges. introduced the 


use thin-wall tubing sleeves for insulating the studs stand- 


ard flanges, without requiring re-drilling the flange and pro- 


viding smaller studs. now offer flange insulation, packaged 


for immediate shipment the more common sizes. 


Write for new, 10-page bulletin which describes our Insulating 


Materials. 


217 North Detroit 


TULSA, OKLAHOMA 


Telephone 2-5131 


MANUFACTURERS OF: 


Explosion Proof Motor Controls 
Junction Boxes and Enclosures 
Circuit Breakers and Lighting 


Oil Field Motor Controls 


Automatic Pipeline Sampling 
Devices 


Panels Cathodic Protection Equipment 


Switchboards 


Instrument and 
Control Panels 


Unit Substations 


Jan., 


The Paraffine Companies, Inc., 
Francisco, California, and 
New Jersey.—ALL. 


structures. Alumi-Shield manufactured 


Comparative Tolerance for Copper 
Mercury Some Organisms Promoting 
Fouling. Weiss, Biol. Bull., 93, 
(1948). 

Resistance anti-fouling toxins 
qualitatively estimated from the 
quency occurrence the various 
cies marine organisms fouled 
Among those commonly 
Polysiphonia and Balanus 
are resistant copper and 
Watersipora cuculata more 
copper than mercury.—RPI. 


Paint Var. Prod. Man., 27, No. 255, 
(1947). 

description the special 
ing paint which allowed ships 
remain long sea the Far East. 
paint film can applied directly 
out first removing the mill 


New Synthetic Finish for Ferrous 
Nonferrous Metals. Carl 
Acryrin Corp. America, Mat. 
27, 62-64 (1948) Jan. 

Tells how chemical pretreatments 
primer coats can eliminated 
ing metals use new vinyl-type 
300° F.—BLR. 


4 
Clear Coatings with Rust Preventive 
Properties. Helen Sellei and Eugene 
Lieber, Corr. and Mat. Prot., 10-12, 
(1948) Jan.-Feb. 

development transparent and readily 
removable coatings for use 
ing and storage metallic parts 
equipment. Includes 
test 

New Experiments the Corrosion 
Protection Duralumin Cladding. 
Seemann, Metall (Germany) Nos. 
and 8-15, (1947) Sept. 

The corrosion resistance aluminum- 
copper-manganese alloys 
purity aluminum alloys 
free from copper, especially aluminun- 
magnesium-silicon aluminum-manga- 
nese alloys. Ingots are clad during cast- 
ing sheets the core metals and 
cladding materials are rolled together. 
Important points the fabrication and 
working clad sheets are given and 
advice the practical application 
such metal offered. Particular care 
must taken that during heat treat- 
ment the copper does not break through 
the surface layer from the core metal, 
especially the case artificial ageing. 
(Neuhausen 
No. 31, 28th De- 
cember, 


Some the Effects Cadmium, Zinc 
and Tin Plating Springs. 
son, Advance Print from 
ATSM, 47, pp. (1947). 

Fatigue and salt spray tests plated 
high-carbon spring steels. Results are 
said indicate the advantages cad- 
stated that neither zinc tin should 
recommended for spring applications 
involving dynamic loading conditions.— 
BNF. 
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You can sure dependable, low-cost pipe line per- 

formance—under all service conditions—by using Reilly 
Pipe Enamel. 
nprovec 

This tough, durable coating assures complete and de- 
pendable protection against all corrosive agencies. 
equally effective resisting soil stress, abrasion, and 
als and 
oget her. extremes temperature. 

That’s why the use Reilly Enamel your best insur- 
This illustrated booklet ance uninterrupted pipe line performance and low 
gives complete informa- 

tion maintenance costs. 

Reilly Enamel available two standard grades, and 

and wood surfaces, Sent also made meet special conditions and requirements. 

For complete information and specifications, send for the 

Reilly booklet Protective Coatings. 
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Influence Dissolved Tin Growth 
Clostridium Botulinum Canned 
Vegetables. Experiments Plain 
and Lacquered Cans. Scott and 
Stewart, Council Sci. and Ind. 
Res., Australia, 18, 173-80 (1945); Paint 
Tech., 12, No. 144, 475 (1947). 

Canned vegetables 
with Clostridium Growth 
the organism occurred consistently 
lacquered cans, but plain cans was 
inhibited for periods months. 
Inhibition was due the bacteriostatic 
action dissolved tin. The minimum 
tin necessary prevent growth was 
directly related the protein content 
the vegetables.—RPI. 


The Prevention Rust. Sanders, 
Mach. Lloyd (Overseas Edition), 19, 74-77 
(1947) Dec. 

Discusses methods using greases, oils, 
solvents, plastics, etc., and their advan- 
tages and disadvantages for specific sit- 
uations.—BLR. 


Finishing Galvanized Iron Surfaces. 
Ivor Richards, Organic Finishing, 33, 
36-40 (1948) Feb. 

The problem preparing the surface 
galvanized-iron sheets for painting 
has not yet been completely solved; 
however, much progress been 
achieved recent years. This progress 
reviewed.—BLR 


Mode Action and Efficiency Anti- 
Fouling Paints. Rabate, Peint. Pig. 
Vernis, 23, No. 165-7 (1947). 

review the modes action and 
types anti-fouling paints. The adher- 
ence fouling organisms discussed. 
Above speed knots, fouling does 
not take 
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EFFICIENT 


RELIABLE 


Phone Preston 9525 
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Marine Exposures Cementiferous 
the Iron and Steel Inst., 158, 229-235 (1948) 
Feb. 

Describes results tests painted 
steel specimens which were subjected 
total and partial immersion the 
sea for periods years. Three 
types compositions were investigated. 
Types which cementiferous primer 
was covered oleoresinous antifoul- 
ing coat gave excellent results; they were 
particularly promising for use the 
water-line, where conventional combina- 
tions give unsatisfactory 


Zinc Chromate Protects Douglas “Sky- 
streak.” Phillips, Paint Progress, 
No. (1948). 

Zine chrome particular value for 
coatings for light metals. aluminum 
its content soluble chromate reduces 
the alkalinity permeating water, which 
the cause the corrosion alumi- 
num, whereas specific inhibitor 
for the corrosion magnesium. Light 
metals are given the following cleansing 
treatment before painting; alkaline 
cleansing bath; hot water rinse, fol- 
lowed slightly acid rinse, and 
ing hot chromic acid for few min- 
utes. chrome primer then 
sprayed on. Aeronautical per- 
formance specification (AN-TT-P-656b) 
for such primer quoted. The Doug- 
las aluminum/magne- 
sium alloy plane, protected zinc 
chrome primer and finished with two 


The Painting Aluminum (F). 
Meynis Paulin, Rev. Aluminum, 24, 


Cathodic Protection 


Systems 
Designed and Installed 


for 


PIPE LINES 
OIL FIELD DISTRIBUTION SYSTEMS TANKS 


UNDERGROUND UNDERWATER 
INSTALLATIONS ALL KINDS 


Phone, Wire Write 


John Company 


GENERAL CONTRACTOR 
HOUSTON, TEXAS 


Jan., 


Nos. 137, 138, 309-317, 325-331 
Oct., Nov. 

Covers surface preparation 
ing, mechanical roughening 
pickling, chemical oxidation, anodic 
dation) and the paints and lacquers 
vating pigments, etc.).—BNF. 


Corrosion Problems 
and Radio Equipment Design. 
Morris, Corrosion, 61-71 (1948) Feb, 

general discussion, including 
action fungi and methods 


Report Sodium Silicate 
Middleton, Die Castings, 65, 
(1948) Jan. 

Sodium silicates, when used 
and zinc- -alloy materials prior 
copper plating, often have been 
leaving film the work 
claimed, causes the subsequent 
per plate non-adherent. 
mental work Hazel and Stericker 
shown that when the right type 
cate used under properly 
conditions, satisfactory results 
obtained. review the materials, 
ditions and procedures the 
mental work indicates that their 
clusion 


Protective Finishes for Wood 
Light Metal. Messerschmitt, Off. 
Abs., No. 127, 286, 

report the various kinds 
tective finishes used for both wood 
metal aircraft surfaces, how they 
applied, what type use and length 
drying 
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Southwest and West 


Minimum Through Freight Rates 
with St. Louis 


standard pipeprotection, inc. offers two outstanding 
advantages purchasers pipe 


wood 
they 
length 


When you ship through the St. Louis gateway represent the last word pipe handling 


you use “through freight rates” instead the 
higher combination rates generally used. This in- 
transit privilege permits stop-off for processing 
storage months St. Louis without 
freight penalty. 


Your pipe cleaned, coated and wrapped 
your own specifications modern streamlined 
methods. Our plant and facilities (covering 


equipment. The techniques used are the best prac- 
tices that have been developed through experience 
the industry. 


From start finish, the manufacturing process 
controlled standard procedures. This guaran- 
tees new standards protection new records 
performance—important considerations these 
days every buyer pipe. 


standard pipeprotection, inc. 


3000 South Brentwood Boulevard 
St. Lovis 17, Missouri 


Our plant, handling the smaller 
diameters pipe, now opera- 
tion. For full information about 
schedules write today. 


Off. Teck 


Anti-Fouling Coatings Tested 
Scientists. McMahon, Motorship, 32, 
(1947) Brit. Shipbuilding Res. Assoc., 
No. 12, 468 (1947). 

Results tests Kure Beach and 
Florida are described. Copper flake 
paints were used and good results ob- 


Cementiferous Paints. Mayne 
and Thornhill, the Iron and 
Steel Inst., 158, 219-228, (1948) Feb. 

Gives results study the me- 
chanism setting and the protec- 
tion furnished steel cementiferous 
paints. These paints are based mix- 
tures zinc dust and certain chloride 
solutions which produce matrix 
oxychloride cement action the 


ABSTRACTS 


zinc; sufficient metallic zinc left 
provide cathodic protection steel ex- 
posed pores. the chlorides tested, 
those barium and strontium produce 
setting high and low humidities; mag- 
nesium and calcium chlorides are satis- 


factory except very high 


The oxychloride matrix unstable 
the presence water, and cementiferous 
paints slowly disintegrate when im- 
mersed sea-water. concluded 
that the best results will obtained 
the cementiferous paint covered with 
organic sealing coat. Twelve refer- 
ences.—BLR. 


Chlorinated Rubber Corrosion Re- 
sistant Coatings. Martin, Organic 
Finishing, (1948) Feb. 


WRITE YOUR 
LETTERHEAD FOR 
SPECIAL LITERATURE 


Jan., 


Describes performance and applic, 
tions the above for 
uses, outsides chemig 
tanks, reactors, etc.; sea-water 
sion; car undercoatings; concrete painy 
and many others. Photographs 
panels show results exposure 
various times and 


Painting Exterior Steel Surfaces, 
Mansell, Corrosion Mat. Prot., 
8-12 (1947). 

detailed review surface 
tion, paint application, and the 
tion paints for use steel. The 
portance proper surface 
emphasized and some methads 
criticized unfavorably. Spray 
several times faster than 
ing, but the latter has certain 
and should used painting must 
done cold, damp weather. The 
erties various rust-inhibiting pigment 
are described, with recommendations 
suitable compositions for primers 
top-coats. There are also notes 


door and laboratory exposure 
RPI. 


The Metallizing Process. Part 
plications. Rick Mansell, 
34, 23-25, (1948) Jan. 

Describes use Diesel-engine mais 
tenance; foundries; babbitt work 
repair cavitated areas, especially 
the blades hydroelectric turbines; 
pump rods and plungers; and mised 
laneous applications. Performance 
and application methods 
for few cases, giving 
different types 


Assessment Ships’ Paints for 
Gale, Paint Tech., 12, No. 138, 
(1947); the Oil Colour Chemist 
Association, 30, 519-548; discussion, 
549-556, (1947) Dec. 

Methods assessing paints are 
scribed. Final tests are carried out 
sea-going trials. Laboratory 
used include the rotor tests 
anti-corrosives, cracking tests for 
fouling paints, and fire retardancy 
condensation tests for interior paints. 


Paint and the Winter. 
Dec. Art, 67, No. 797, 26, (1947). 

discussion the extra stresses 
paint system brought about 
extremes and violent changes 
cal conditions caused hard wintet 
probable resulting 
—-RPI. 


Production and Use Heat 
Aluminum Coatings. Kremer 
Volk. Disc. Mahling Others 
VDE Comm. Materials, Report No. 
Stahl und Eisen, 66-67, 250-257 (1947). 

description the different 
cal processes for the production heat 
enduring aluminum coatings 
The appearance, microstructure 
and properties the different 
coatings are dealt with. 
steels included 18-8 and 
and cast steels can 
aluminum coatings. With cast iron, 
are certain limitations. 
scaling the coatings depends 
processes used. Highest scaling 
shown pack and hot dip 
objects. Behavior aluminum 
welding and practical applications 
presented. Fourteen 
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Eighteen years complete protection 
prove the staying power SOMASTIC 
Pipe Coating. The permanence this treat- 


ment introduces important economies: 


eliminates costly corrosion damage. 


metal cost. Pipe wall thickness 


can reduced minimum required 


operating pressures. 


Applied pipe operating pipe lines, 
prices that show the owner attractive 


return. 


SOMASTIC 


REG. PAT. OFFICE 


PIPE COATING 


Manufactured 
BECHTEL CORPORATION 


SAN FRANCISCO WILMINGTON, CALIFORNIA 
' 
In the 11 Western Stotes and in Foreign Countries 


PRICE CO. 


SOMASTIC DIVISION « BARTLESVILLE, OKLAHOMA 
In the 37 States East of the Rocky Mountains 


Action Antifouling Paints; Use 
Glycerine Solutions Accelerated Test 
Availability Toxic. Bostwick 
Ketchum, and Eng. Chem., 40, 249-253 
(1948) Feb. 

antifouling paint which depends 
copper one its compounds dis- 
solves alkaline glycine solution 
about 100 times fast the sea. 
The results immersion for three days 
the glycine solution predict whether 
the paint will maintain copper-leaching 
rate adequate prevent fouling. Satis- 
factory results were obtained with paints 
containing metallic copper cuprous 


Chalking Behavior Titanium Di- 
oxide Pigments. Jacobsen, Chem. 
Eng. News, 25, No. 40, 2895 (1947). 

The chalking behavior titanium di- 
oxide pigments can attributed 
cycline oxidation/reduction reaction in- 
volving the and vehicle. Reduced 
air and absence actinic rays. direct 
correlation has been found between pho- 
tochemical reactivity and chalking be- 


The Protection Steel Various 
Non-Metallic Coatings. Hudson and 
Banfield, the Iron and Steel 
158, 99-110, (1948) Jan. 

This interim report the be- 
havior range protective non- 
metallic coatings applied structural 
mild steel and exposed field corrosion 
tests part the investigations con- 
ducted the Protective Coatings Sub- 
Committee the British Iron and Steel 
Research Association. The tests cover 
periods five years. Includes re- 
sults sea-water-immersion 


BLR. 


Interior Coatings Tubular Contain- 
ers. Hubbuch and Johnson, 
and Eng. Chem., 40, 297-301, (1948) 

eb. 

The coating the interiors con- 
tainers for certain poison gases was 
studied. Coatings based straight 100 
percent phenolformaldehyde resins were 
found resistant enough prevent the 
decomposition the gases which occurs 
when they are stored contact with 
iron steel. modified dip method 
was worked out provide uniform, 
thin, continuous coatings.—BLR. 


How Ford Automobile Bodies are 
Phosphate-Coated. Herb, Machin- 
ery, 53, No. 150-4, (1946); Paint Notes, 
No. 257-8 (1947). 

After preliminary cleaning, the auto- 
mobile bodies are sprayed all over with 
cleaner consisting percent kero- 
sene, emulsifying agent and soap 
160° F., and then washed with warm 
water The bodies then are 
sprayed with phosphate solution 130° 
F., rinsed with cold water, sprayed with 
chromic/phosphoric sealer and then 
dry the bodies, after which the painting 
system sprayed the body. Me- 
dium-size parts are phosphate coated 
automatically dipping phosphate solu- 
tion 210° Small parts such nuts, 
bolts, etc., are carried through phosphate 
coating equipment while loaded rotat- 
ing wire-mesh 


Corrosion Protection Japanese 
Ordnance. Henderson Others, 


ABSTRACTS 


Rifles, machine guns, etc., had 
oxide coating 0.00001-0.00005” thick- 
ness, which had little anti-corrosive value. 
Aircraft guns, etc., had alkyd finish 
with good corrosion resistance. Three 
types slushing oils were used.—RPI. 


Chemical Finishing Metals. 
Heard, Monthly R., 34, No. 1035-1042 
(1947). 

Discussion oxide and phosphate 
coatings ferrous metals, black oxide 
coatings copper alloys, and phosphate 
coatings non-ferrous metals. Other 
processes for steel include heating 
various temperatures and immersion 
niter baths. Most troublesome alloying 
element nickel. Such steels require 
more concentrated phosphate solution 
care preparation. The 
30-point solution used universally and 
will give good results with all except 
nickel steels, which require 45-50 points. 


—INCO. 


Greenwood, Paint Manufacture, 18, 50-51, 
(1948) Feb. 

Tells how sulfur may applied using 
the Schori flame-spraying pistol which 
was designed originally for metal-pow- 
der spraying only. States that properties 
elementary sulfur render worthy 
consideration both for decorative and 
for protective purposes. completely 
water-proof, chemically resistant 
many acids both inorganic and organic, 
excellent electrical insulator, well- 
known fungicide, and has mild antisep- 
tic 


Corrosion Prevention Sprayed 
Coatings. Greenwood, Mech. 
World, 122, No. 3177, 596-8, (1947); Rail. 
Eng. Abs., No. 34, (1948). 

general review corrosion and its 
prevention, with particular reference 
the flame-spraying powdered plastics 
metals.—RPI. 


Danger “Masked Pores” and Meth- 
ods for Their Determination. Glazu- 
nov, Electrodepositors’ Tech. Soc., 23, 
9-12, (1948). 

“Masked Pores” metallic coating, 
e.g., electro-deposit, are pores which 
have become covered over some 
bridging mechanism. electrographic 
porosity test shows the actual pores 
very quickly, the “masked” pores after 
little time. Author 
instead filter paper for the 


Low Temperature Phosphate Coating 
for Steel Easily Applied. Norman 
Mat. Meth., 27, 74-75, (1948) 

Describes reduction the cost rust- 
proofing steel use process which 
can operated low bath tempera- 
tures. This cold-spray process known 
Granodizing. Surface structures 
treated and untreated sheet 


Protective Properties Bituminous 
Paints. Fuidge, Bull. Assoc. Mfr. 
Bituminous Products, (1947) Nov.; Decor- 
ator, 46, No. 548, 48, (1947). 

The problems associated with the ap- 
plication thick films bituminous 
paints necessary for good resistance 
corrosion are discussed.—RPI. 


New Procedure for the Protection 
Aluminum and its Alloys. Frasch, 


Jan., 


Paper presented the Société 


lurgie, (1947) Oct. 


Metal treated first with 


phosphate and triethanolamine, 


coated with bichromate-treated 
This gives highly resistant 
RPI. 


Vehicle Paint Job Success Keyed 
Surface Treatment. Darsey, 
No. 12, 178, (1947). 

the preparation steel zinc 
faces for painting, phosphate 
inhibiting rust and improving adhe 
sion. Photographs show treated and 
treated parts after six years outdog 


Ceramic Coatings for 
ture Protection Steel. Gilbert 
Steel Processing, 33, 751-754, 

Presents results obtained 
Harrison, Moore, and Rick 
mond the National Bureau 
ards, cooperation with the NACA 
They studied the use modified com 
mercial enamel frit for the above 
and obtained promising 


Low Temperature Phosphate 
for Steel Easily Applied. 
American Chem. Paint Co., Mat. 
27, No. 74-75, (1948) Feb. 

new zinc phosphate material, 
alters both structure and nature 
metallic surface, and gives improved 
tection steel sheets from rust 
corrosion. Coatings can varied from 
relatively thick, soft types hard 
types. Process called 
INCO. 


Physical Properties Electrode 
posited Metals: Nickel-1. 
Plating, 35, No. 52-58, (1948) Jan. 

This the first publication 
search sponsored the American 
troplaters’ Society. The present 
ture survey covers composition and 
ture; mechanical and physical 
long select bibliography provided 
—BNF. 


New Method for Magnetic 
ment the Thickness 
Copper and Nickel Coatings 
Brenner Kellogg, Nat’l Bur. 
Standards, Plating, 35, No. 
(1948) Mar. 

measuring the attractive force 
tween the specimen and two 
magnets different strengths and the 
use set calibration curves, 
thickness the deposit and the 
ers can measured wih fair accuracy 
Method described.—INCO. 


Chromated Protein Films for the Pro- 
tection Metals. Brenner, Diddel 
and Seegmiller, Nat. Bur. 
ards, Paper before Electrochem. Sot, 
Columbus, Ohio, April 14-17, 1948, 
Electrochem. Soc., 93, No. 55-62, (1948) 
March. 

Principal constituents chromated 
protein films are 
for the metal, protein which acts 
vehicle for this, hardening agent 
bactericide prevent putrefaction 
protein. Either casein, albumin 
tin applied metal surface 
and film impregnated 
The effective life coatings 
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length time chormate retained. 
outdoor exposures, film loses its value 
quickly. sheltered environment, such 
storage, films are useful. Sheet steel 
which ordinarily rusts within few days 
chemical laboratory remains bright 
several months with the chromated pro- 
tein coating. Results salt spray, indoor 
and outdoor exposure tests comparing 
these coatings with other supplementary 
films such inhibited oil, phosphate, 
chromate and anodized films are re- 
ported with data. Films protect zinc, 
steel, aluminum and brass but have little 
protective value for magnesium 
copper.—INCO. 


Paint the Examination Thin Films? 
Bogstra, Paper presented the 
Société Métallurgie, October, (1947). 

mathematical expression has been 
derived from experimental results pur- 
porting give relationship between 
thickness and life paint. There is, 
yet, however, little experience sup- 
port the 


Comparative Tests White Lead and 
Zinc Oxide Paints. Blom, Verf- 
kroniek, 20, No. 143-5, (1947). 

Three typical white lead paints and 
three typical zinc-oxide paints iron 
and wood panels have been subjected 
natural exposure, 45° south, Zurich 
(493 m.) and Clavadel (1700 m.). red 
lead primer was used for the lead but 
not for the zinc paints the iron. After 
three years the lead paints were all 
cases superior. accelerated weather- 
ing the difference was even more marked; 
the iron panels coated with zinc 
rusted through weeks, whereas the 
lead paint coated panels were still good 
after 


Plating Zinc Die-Castings; Pre-Treat- 
ment Prior Bright Nickel Deposition. 
Berger, Met. Ind., 72, 88-90, (1948) 
Jan. 30. 

Methods for preliminary treatment, 
operational sequence suitable for rapid 
production plating, and methods for the 
prevention undesirable phenomena, 
such are discussed. 
Reference made also the inter- 
activity zinc base metal for 
electrodeposited under-coatings such 


copper and brass. (To 
BLR. 


Copper Diatoms. Hendey, Na- 
ture, 159, No. 4045, 646, (1947); cf. 

Marine diatoms removed the 
slime film formed raft the sea 
contained 31-164 p.p.m. copper. sug- 
gested that they may have 
fouling 


Pyefinch, Nature, 160, No. 4055, 97, (1947). 

Polemical against Hendley above. 
Anti-fouling action due release 
copper and there evidence that 
slimes associated with diatoms act 
anti-fouling 


Causes Failure Plated Coatings 
Automotive Service. Anderson 
and Reinhard, Plating, 35, 145-152, 
(1948) Feb. 


Presents results thorough investi- 
gation plated, zinc-alloy, die-cast 
parts, mostly from 1941-model cars with 
five years service, from different loca- 
tions, order permit comparisons 


ABSTRACTS 


among different atmospheric environ- 
ments. The data are tabulated, illustrated, 
and discussed.—BLR. 


Anti-Fouling Paints. Inactivation 
Highly Pigmented Anti-Fouling Paints 
Benemelis, Eng. Chem., 39, No. 
1028-32, (1947). 


Metallic copper has been found less 
satisfactory than cuprous oxide for anti- 
fouling paints steel because be- 
comes inactivated. This due the 
formation galvanic cell, leading 
corrosion steel. pigment concen- 
trations above certain limit, the film 
becomes conducting and the couple oper- 
ates. Conductivity not due contact 
particles with one another and with 
steel, because films are not always con- 
ducting when dry, but only after soak- 
ing for some time. suggested that 
particles change position soak- 
ing copper dissolves and then de- 
posited the. steel 
RPI. 


Antifouling Paints. Alexander, 
King, and Cowling, Naval Res. 
Lab., Ind. and Eng’g Chem., 40, No. 
461-464, (1948) Mar. 

Describes detail the experimental 
work that led formulation efficient 
antifouling films more than two mils 
thickness, which effectively prevent 
attachment marine organisms 
merged surfaces for periods eight 
months. Data are presented method 
evaluating such finishes along with 
comparative fouling data 
locations. Certain resinous constituents 
commonly considered possessing poor 
wetting grinding properties are dem- 
onstrated more efficient car- 
rying toxic pigment for antifouling pur- 
poses than are the better grinding media. 
Hulls flying boats are application 
especially mind. Tables give fouling 
ratings, 


1947 Progress Metal Finishing. 
Raymond, Metal Finishing, 46, No. 
56-60, (1948) Jan. 

Increased investigation and 
into the theoretical and academic as- 
pects electrochemical processes for 
metal finishing was noticeable during 
1947. Particularly noticeable was the de- 
cided increase the number papers 
the theoretical phases metal finish- 
ing that were given the American 
Electroplaters Society National 
tion and the Third International Confer- 
ence Electrodeposition. Conventional 
methods wheel polishing were im- 
proved increased use automatic 
equipment. Patents were issued for sev- 
eral new types abrasive wheels. In- 
creased use non-glue binders, with 
evidence superiority for certain classes 
work, was reported. The use belt 
methods increased. Electrolytic methods 
surface preparation were the subject 
widespread interest and development. 
new method abrasive blasting was 
developed which utilizes the propelling 
power burning gas drive the 
abrasive particles. Much attention has 
been paid improvement cleaners 
and detergents, with the development 
and use wetting agents playing 
large part the stepped efficiency 
and speed modern prepared cleaners. 
Plating magnesium with zinc, nickel- 
tin, and silver and lead alloys was de- 
veloped, and patent was issued for 
depositing copper, zinc, cadmium, tin, 


Jan., 


silver, and gold magnesium 
Chemical surface treatments other 
electroplating also saw considerable 
tivity the past year. patent 
granted for galvanizing tinning 
minum from molten baths. 
zinc immersion deposit from zincate 
lution, commonly used for electroplating 
pretreatment was essential step 
the process. new technique and 
ment for “spot” restricted area 
ing was developed using solution 
ties high 100 feet per second 
promote rapid deposition metals 
very high current densities. The 
tion reverse current methods 
troplating created considerable 
and further industrial use the 
nique should develop 


CHEMICAL CORROSION 


Action Acid and Alkaline 
Ceramic Bodies. Ricke, Ber. 
Keram. Ges., 21, 477-487 (1940) 
Abstracts, BI, 258, (1947) Sept. 

Methods for testing the chemical 
sistance measuring weight loss 
tained powdered materials are 
cussed detail and data for the 
brick and porcelain and steatite 
concentrated sulfuric acid 
acid heated fuming point and 
trated sulfuric acid (refluxed) are 


Effect DDT Smoke Bomb 

Off. Tech. Serv. Report PB. 

(1945); N.P.V.L. Abs., No. 126, 
(1947). 


Two tests were carried out with 
smoke bombs order determine 
damage aircraft materials. 
tion the bomb was sodium chlorate, 
percent; sucrose, percent; DDT 
the tests are contained Tables 1-4, 
pendix The extent corrosion 
the metals shown 
Figures 1-6, Appendix 
the DDT smoke bombs were 
corrosive the metals used 
construction (Alclad S-T, 
8). All other materials 
gloss lacquers, sealing compounds 
rubbers, were relatively unaffected 
the bomb fumes with the exception 
zinc chrome primer, which was 
the heavy concentration 
RPI. 


Comparison Pickling Acids. 
Wire Ind., 14, No. 166, 558 (1947); 
Abs., No. 12, 178 (1947). 

comparison sulfuric and 
chloric acids for wire pickling. 
almost exclusively, but requires clost 
with optimum efficiency. adva 
used room temperature. Silica 
are sometimes found 
and may dissolved percent 
drofluoric 


Scale Removal. Birmingham 
lurgical Soc., Birmingham Met. 
No. 354-77 (1947); Abs., 
12, 179 (1947). 
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ASSOCIATION 


NATASCO provides complete corrosion 
protection for tankage, using field tested 
products, applied trained crews using 
specially designed equipment, under super- 
vision experienced corrosion engineers. 


NATAS coatings protect tankage from 


corrosion because they are 
INSOLUBLE PETROLEUM LIQUIDS AND GASES 
CHEMICALLY INERT DILUTE SOLUTIONS AND 
CHEMICALLY INERT HYDROGEN SULFIDE 
HIGH DIELECTRIC STRENGTH 
ELASTIC, WITHSTANDING ALL STRESSES TANK MOVEMENT 
ADHERENT METALS, WOOD CONCRETE 


NATASCO APPLICATION SERVICE 


insures maximum coating life because 
includes 


Careful preliminary analysis. 
Proper pre-coating preparation. 
Selection the correct coating. 


Skilled application under expert supervision. 


THE 


Write call NATASCO for new booklet 
giving complete information 
NATASCO TANK PROTECTION. 


new tanks new 


CORROSION ENGINEERS 


PROTECTIVE COATINGS 
PREVENT CORROSION 
CAUSED BY... 


SOUR CRUDES 

HYDROGEN SULFIDE GASES 
ELECTROLYTIC ACTION 
SALT WATER 


UNDERSIDE 
DECK 


VAPOR 
SPACE 


SECTION 


LOWER 
OUTSIDE RING 


BOTTOM 


COMPANY 


GENERAL OFFICES: 
THE NATASCO COMPANY 
POST OFFICE BOX 1318, TULSA, OKLAHOMA 


CALIFORNIA REPRESENTATIVE: 
COAST CONTRACTORS, LTD. 
4636 SLAUSON, MAYWOOD, CALIFORNIA 


...Makes old ones 


Subjects raised included the formation 
and types scales occurring various 
ferrous and non-ferrous metals and al- 
loys; chemical and electrolytic pickling; 
sand and shot blasting; the disposal 
waste liquors. detailed account given 
sodium hydride descaling, which has 
been used commercially the 
for about two years.—RPI. 


Concentrated Rust Solvent. Corr. 
Mat. Prot., No. (1948) Jan.-Feb. 

“Consa-rusto” solvent compounded 
from complicated formula inhibited 
acids combined with wetting agent, 
containing hydrochloric acid, nitric 
acid sulfuric acid. will not attack 
bare ferrous metals, since dissolves 
rust oxides only, although will mildly 
attack aluminum and effective 
cleaning pipe lines buried near the sea, 
removing rust from oil tanks and re- 
fining equipment, and cleaning castings 
before they are coated. Announced 


Consolidated Sales Agency, Dallas, 
Texas.—INCO. 


What Look for Hydraulic Oils— 
VII. Qualities. (Con- 
cluded). Anthony Zino, American 
Machinist, 92, 126-128 (1948) Feb. 12. 

Discusses tests for determining above 


The Treatment Plating and Pickling 
Shop Wastes. Mulcahy, the 
Tech. Soc., 22, 227-242 
(1947) (Reprint). 

Deals with methods neutralizing 
acid from waste liquors and rinse water; 
the precipitation chromium, copper, 
iron, the removal cyanide 
effluents; the construction effluent 
treatment tanks suitable acid-proof 
materials; the measurement flow and 
recording apparatus; the removal 
and scrubbing nitrous oxide fumes 
from bright dipping plants; figures for 
intake air velocity extractors; hard 
rubber protective lining for tanks and 
fan casings; study the recovery 
waste pickle liquors from industrial pick- 
ling plants; and description plant 


for the crystalization ferrous sulfate. 
—BLR. 


Anodic Reactions Aluminum and its 
Alloys Sulphuric and Oxalic Acid 
Slunder, Ind. and Eng. Chem., 39, No. 12, 
1602-1607 (1947) Dec. 

This article describes factors such 
temperature, concentration and agitation 
electrolyte, time treatment, cur- 
rent density, and type alloy treated, 
which affect the formation aluminum 


oxide produced the anodic treatment 


acid electrolytes. Electrolytes used 
elevated temperatures more con- 
centrated form tend produce oxide 
coatings lighter weight. The electro- 
lyte must sufficiently agitated re- 
move the heat developed the alumi- 
num anode; otherwise, the oxide coating 
dissolved. Long time treatment the 
electrolyte brings about decrease 
the efficiency oxide coating formation. 
Likewise decrease the current den- 
sity results the formation lighter 
weight oxide coating. Purity the 
aluminum anode has marked effect 
upon the efficiency oxide coating for- 
mation, the highest efficiency being ob- 
tained with pure aluminum.—ALL. 


ABSTRACTS 


The Corrosion Silver Water- 
Saturated Chlorine Atmosphere. 
Linford and Ford, Electrochem. 
Soc., 93, No. 16-26 (1948) Jan. 

The corrosion pure silver (99.97 
percent) saturated chlorine atmos- 
phere was studied. The corrosion rate 
initially indicated that above 44°C. 
negative temperature coefficient was ob- 
tained. After extended period time 
the temperature coefficient was positive 
about The effects are ex- 


plained the basis concentration 


active agent and its diffusion through the 
film silver 


Bleaching Groundwood-Sulphite Pulp. 
Lee, Chem. Eng., 54, No. 10, 92-96 
(1947) Oct. 

Use sodium peroxide bleach- 
ing and pulping agent the St. Regis 
Paper Co. mill described detail. 
Various parts are stainless steel, such 
dissolving tank and agitator, lines 
for transferring bleaching solution, Type 
316 stainless pipes 
ing plant (to prevent specks final 
paper which generally result when iron 
pipe used). Acid, silicate and sulfur 
dioxide storage tanks are mild steel. 
Bour pumps handle 


Corrosion Filters Sugar Refin- 
ing Liquors. Inglesent, Man- 
ackerman, and Anderson Storrow, 
Chem. and Chemical Manufacturer, 24, 76- 
(1948) Feb. 

Measurements were made the dif- 
ferences between electrode potentials 
common constructional metals flow- 
ing sugar liquors temperatures 
that operating plant. Results are 
charted and 


The Effect Nicotinic Acid 
dine Carbonic Acid) Reducing the 
Solubility Metals. Hertelendi, Archiv 
fur Metallkunde (Switzerland) No. 
275-278 (1947) June; Neuhausen 
hericht, (Switzerland) No. 30, (1947) 
Nov. 19-27. 


experiments test sheets high 
purity aluminum, aluminum-magnesium 
alloy, zinc and steel, was determined 
that the attack mineral acids such 
nitric acid, sulphuric acid 
chloric acid varying concentrations 
was more less retarded additions 
nicotinic acid. order effec- 
tive, the nicotinic acid concentration 
must least percent the case 
the action nitric acid alumi- 
num. The protective effect percent 
nicotinic acid proved somewhat stronger 
against the attack hydrochloric acid 
but the case sulphuric acid, was 
practically negligible. The nicotinic acid 
forms adhesive, adsorptive layer. 
certain percentage the attacking acid 
must replaced nicotinic acid.— 


ALL. 


Corrosion Tests Sulfuric Acid 
Petroleum Refinery Processes. 
Friend, International Nickel Co., Corro- 
No. 101-111 (1948) Mar. 

Presents results number plant 
corrosion tests and several laboratory 
tests using spool-type specimen holder. 
Compositions the metals 
used for test include Monels, Hastel- 
loys, Durimets, steels, alloy 
70/30 copper-nickel, chemical 
lead, Worthite, copper, bronzes, Ni-Re- 
sist Type Acid treatment lubricat- 
ing oils and other distillates require 


Jan., 


different materials depending 
peratures, concentrations and aeration | 
the production alcohols from 
finery gases, acid concentrations 
95% sulfuric acid are used. The 
are stripped from the 
with live steam. Monel used for 
sorption and cooling equipment 
acid concentrations 65% lower 
met under conditions low velocity 
Hot acid processes 
ploying 63-72% 165-200° 

and alkylation processes 
ing 95-100% 30-50° are 
cussed, also the recovery used 
evaporation. 


Commercial Scale Manufacture 
Allyl Chloride and Allyl Alcohol 
and Cherniavsky, Chem. Eng. 
43, 280- 290 (1947) June; Corr. and Mat} 

Includes brief attention 
construction and corrosion 


—INCO. 


The Sodium Hydride Process and 
Method Descaling Metals; 
Wire and Strip. Evans, Win 
Industry, 15, 105- 107 (1948) Feb. 

Describes the process and 
necessary, the method 
it, and the manner its operation 
wire and metals other 


Salt Descaling Baths. Horace 
Ind. Heating, 15, 40, (1948) Jan. 

Two types the above which 
illustrate the significant 
between all processes which are mos 
frequently encountered, are 
These are the sodium hydride and the 
sodium hydroxide processes. The 
ods are useful for both 
nonferrous 


Cast-Iron Crucibles; Corrosion 
Molten Aluminum. Marcel Bardot, 
and Steel, 21, 23-26 (1948)Jan. Ibid. 
(1948) Feb. Translated from 
798-810 (1947) Sept. 

preparatory further research. 


teen references. 

Corrosion Lead Sulfur 
(In French.) Andre Chretien and 
Broglin, Comptes Rendus (France), 
1315-1317 (1947) Dec. 22. 

Using same apparatus 
described for study corrosion 
other metals various gases, the 
the reaction, the temperature 
from 725° 690° and the pressure 
from 137 760 mm. mercury. Two 
nomena occur successively: the gas 
fixed formation the dibasic 
and sulfate, then liberated 

Birmingham Metall. Soc., 27, 355- 
cussion, 354-355, 363- 377 (1947) Sept. 

general discussion the above 
ject, applicable both ferrous and 
ferrous metals and alloys. Fifteen 


Passivation Stainless Steel. 
News, Ohio State University, 19, 
(1947) Dec. 

Results experimental work 
indicate that the passive film 
physically adsorbed gas the 
surface possibly physically 
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gas layer hydrous oxide 
formed the passivating methods. 
method used for passivating 
steel and for corrosion test- 
well the vacuum breakdown 
Also outlines use synthetic 
water, repassivation inert gases 
electron-diffraction work.—BLR. 


Aluminum Containers for Sodium 
Chloride. Balash, Chem. Eng. 55, No. 
224, 226, 228 (1948) Jan. 

Sodium chloride both solid form 
and brines has been handled satisfac- 
aluminum equipment. the 
contaminants such com- 
copper, nickel and lead at- 
will very small and highly lo- 
Use Alclad material this 
case will greatly minimize danger 
corrosion. Equipment handle sodium 
should designed avoid 
dissimilar metals. Aluminum 
are unaffected unpolluted sea 
but for water polluted indus- 
wastes, Alclad metals are recom- 
because they are resistant 
Brines have been used 
refrigeration systems 
are being handled aluminum 
Condenser tubes are being fab- 
where the corrosive wa- 
ters contact the inside 
processing equipment for 
refining salt all composed alumi- 
Wooden containers for salt are 
with aluminum sheet prevent 
seeping and salt leaking out. 


Aluminum Containers for Nitric Acid, 
Balash and Verink, Jr., Chem. 
55, No. 236, 238 (1948) Feb. 

Most the large producers nitric 
made the ammonia oxidation 
have used aluminum for many 
Concentrated nitric acid (80 per- 
above) and its vapors have only 
Blight effect room temperature. 
used commercially re- 
faction vessels for the catalytic oxidation 
ammonia and cooling coils con- 
for the concentration the 


concentrated nitric acid (80 per- 
greater) made the ammonia 


process, aluminum alloy stor- 


tanks, I.C.C.-approved tank cars, 
siphons, and containers are employed. 
aluminum, although the lower oxides, 
dissolved nitric acid may in- 
the rate attack slightly. Alum- 
hoods, ducts, and covers 
tanks are widely used for the 
gases which contain oxides 
acid base explosives, the non-spark- 
resistance used advan- 
Aluminum evaporators and crys- 
have been used for the process- 
ammonium nitrate, thereby avoid- 
harmful contamination.—ALL. 


CONSTRUCTION MATERIAL 


Vegetable Oils. Chem. Eng., 
No. 109 (1947) Aug. 

plant which produces variety 
pol acids, drying oils and other or- 
materials construction include 
stainless, Inconel and aluminum. 
products must produced. 


ABSTRACTS 


Corp., Kearny, show Monel 
Twitchell tanks where glycerine made 
from fatty acids, special alloy condensers 
and receivers and other parts the 


Fabricating and Finishing Stainless 
Steel. Parts and II. Schulze, Metal 
Fin., 46, No. 72-77 (1948) Jan.; Ibid. 
No. 59-64 (1948) Feb. 

Part deals with complete cleaning 
techniques other than pickling, includ- 
ing removal drawing lubricants prior 
annealing, emulsion pre-treatment, al- 
cleaning, electrolytic 
cleaning and other cleaning methods. 
Various references trade literature. 
Part gives further information 
surface treatments for 
covering scale removal sand-blast- 
ing, pickling, molten and aqueous alkali 


solutions, and passivating. Formulas and 
methods used the most modern proc- 
esses are described. Ten ref. 


FUNDAMENTALS 


Intercrystalline Corrosion Super- 
Pure Aluminum and its Bearing the 
Nature the Grain Boundary. La- 
combe and Yannaquis, Metaux Corro- 
sion, 22, No. 259, 35-37 (1947) March; 
Compt. rend., 224, 921-922 (1947). 

Study corrosion 99.9986% alum- 
inum hydrochloric acid solution with 
and without applied potential. 
was observed that boundaries between 
grains dissimilar orientation were 
heavily attacked, but not those between 
grains similar orientation, Doubt 
thus cast impurity segregation the 


Taking the bite out weather 


Bituplastic* Protective 
Coating does not “alligator.” 
This major improvement over 
many types coatings commonly 
used protect exposed metal, con- 
crete and masonry from the rav- 
ages weather. 

For when protective coating 
“alligators” breaks down into 
those unsightly cracks like the 
portions the underlying surface 
are frequently exposed, 
tective efficiency lowered. 

Koppers Bituplastic guards 
against that. It’s also waterproof, 
fire-retardant, virtually odorless 
tremes tem- 
perature. It’s 


effective vapor seal over insula- 
and can used bond 
between the surface insulated 
and the insulation itself. Koppers 
Bituplastic completely covers ex- 
posed surfaces with thick, tough, 
quick-drying coating that provides 
effective, lasting protection against 
corrosion and deterioration. 

meet varying corrosive con- 
ditions, Koppers makes complete 
line Industrial Protective Coat- 
ings. Koppers representatives will 
gladly recommend the Coatings 
that will give your plant the best 
protection that will hold your 
maintenance expense mini- 
mum. Write for new Protective 
Coatings Catalog. There’s obli- 
gation incurred. 


Koppers industrial coatings are sold through industrial distributors 


PROTECTIVE COATINGS 


KOPPERS COMPANY, INC., Dept. 133T, Pittsburgh 19, Pa. 


*T. M. Reg. U. S. Pat. Off. 


. 


cause intercrystalline corrosion.— 


BNF. 


Corrosion Characteristics Some 
Magnesium Zinc Calcium Alloys. 
Kucznyski and Schonfeld, the Elec- 
trochem. Soc., 93, No. 41-46 (1948) Feb. 

The resistance corrosion cast 
magnesium-zinc and magnesium-zinc- 
calcium alloys containing 5.5% 
zine and 0.7% calcium was investigated 
fourteen day exposure alter- 
nate immersion test sodium chlo- 
ride solution, While zinc greatly im- 
proves the mechanical properties 
magnesium, the corrosion rate increases 
with increasing zinc content. Some al- 
loys containing more than zinc were 
practically disintegrated after expo- 
sure two weeks. However, the addi- 
tion calcium magnsium-zinc alloys 
offsets almost completely the deleterious 
effect zinc. The corrosion rate re- 
duced rapidly the calcium content 
increased from zero about 0.1%, 
approximately constant for given 
nesium zinc ratio about 0.5% 
calcium, then increases the calcium 
content increased. the case 5.5% 
zinc magnesium, the addition cal- 
cium lowers the corrosion rate more 
than 60%. such alloys are solid solu- 
tions, the possibility galvanic corro- 
sion may ignored and the following 
mechanism tentatively explains the re- 
sults the experiment. While the for- 
mation magnesium hydroxide 
pure magnesium slows down the corro- 
sion rate, the addition zinc precipi- 
tates the hydroxyl ions from the solu- 
tion the form hydroxide, 
owing its lower solubility product 
constant, and the magnesium continues 
dissolve. calcium added suit- 
able concentration will into solu- 
tion producing additional hydroxyl ions 
and because the calcium hydroxide solu- 
bility product constant much higher 
than that magnesium hydroxide, 
will lower appreciably solubility the 
latter the common ion effect, forcing 
magnesium hydroxide out solution 
and causing deposited the 
surface the alloy. Some zinc hydrox- 
ide deposited also and the case 
calcium concentration higher than 
0.5% some precipitate oc- 
curs, causing galvanic 


Oxide Films Formed Titanium, 
Zirconium, and Their Alloys with Nickel, 
Copper and Cobalt: Electron Diffrac- 
tion Study. Hickman and Gul- 
bransen, Analytical Chemistry, 20, No. 
158-165 (1948) Feb. 


The electron diffraction technique 
used study the structures the ox- 
ides which form the temperature 
range 300°-700° titanium and zir- 
conium and the 
nickel 50/50, titanium-nickel 70/30, cop- 
per-titanium 28/72, copper-zirconium 
80/20, zirconium-cobalt 60/40, and zir- 
conium-nickel 70/30. Attempts are made 
correlate the structures obtained with 
thermodynamic data reported other 


Some Observations the Influence 
Cold Work the Solution Potential 
Aluminum. Druet and Jacquet, 
Corrosion (France) 22, No. 265, 
139 (1947) Sept. 

The authors have repeated some 
the work Morize using slightly 
different technique. The solution poten- 
tion was determined measurement 


ABSTRACTS 


with potentiometer BEMF the cell 
made with sample immersed 
solution sodium chloride and 
reference electrode. Curves relating 
potential and time were obtained. The 
time extended five minutes. Super- 
purity metal 99.998% purity was 
used. The samples were taken from 
heavily cold worked aluminum and from 
the same metal following annealing 
for one hour 480° the case 
the cold worked sample, best reproduci- 
bility was found obtained when 
the measurements were made one hour 
after rolling. The mechanically polished 
sample gave value —-.75 volts. The 
electrolytically polished samples gave 
the following values: Annealing condi- 
tion —1.384 volts, cold worked condition 
—1.428 volts. The X-ray diffraction pat- 
terns revealed certain amount re- 
crystallization the cold worked sam- 
ples. The authors suggest that the heat 
result some recrystallization. They 
point out that some points technique 
may open question and mention 
that they plan improve their tech- 
nique and obtain additional information. 
—ALL 


The Amorphous and Crystalline Oxide 
Layers Aluminum. Dekker and 
van Geel, Philips Research Reports 
313-320 (1947). Chem. Absts. 42, No. 
438-439 (1948) Jan. 20. 


anodic oxidation, aluminum can 
covered with either amorphous 
crystalline oxide layer. The amorphous 
layer, which porous, obtained 
solutions oxalic, sulfuric phos- 
phoric acids. Porosity proportional 
the current density. The crystalline 
layer obtained aqueous solutions 
borate, succinate, citrate, and has 
pronounced insulating properties. When 
crystalline layer formed sur- 
face that has been coated with amor- 
phous layer, the crystalline layer 
formed the pores the amorphous 
layer until these are filled. The capacity 
aluminum surface covered with 
crystalline layer the same that 
surface that has been covered first 
with amorphous layer and then 
crystalline layer; this indicates that the 
dielectric constants amorphous and 


GENERAL CORROSION 


Three the Eight Forms Corro- 
sion. II. Galvanic Corrosion and Con- 
centration, Cell Corrosion, Mars Fon- 
tana, Ohio State Univ., Metal 
53, 231-233, (1948) Feb.; Ibid 53, 382- 
386 (1948) Mar. Portion Mss. for 
“Book Stainless Steels,” 3rd ed. 

First portion discusses uniform attack, 
intergranular corrosion and pitting. Not 
confined ferrous metals. Illustrated. 
Second portion discusses two common 
forms corrosion and palliatives are 
briefly noted. Recognition galvanic 
corrosion, cathodic protection 
rifial anodes and impressed current are 
discussed. avoid concentration cell 
corrosion, whose mechanism 
plained, butt welded joints with com- 
plete weld penetration are recommended. 
(If lap joints cannot avoided joints 
should cleaned and sealed weld- 
ing caulking.) Existing joints should 
cleaned and sealed. Sharp corners 
and stagnant areas that would favor 
accumulation deposits should 
avoided and all equipment should 
cleaned periodically. 


Jan., 


Symposium Corrosion and 
lurgy. Revue (France), 
24, No. 138, 345-348 (1947) Nov. 


held joint conference Paris with 
Commission Technique des Etats 
Surface des Metaux, from October 
10th, 1947. About 100 papers were 
presented delegates from nine 
tries. The sessions were divided into two 
ing meeting Evans presented 
paper “Theoretical Aspects 
rosion and Oxidation.” The 
subjects were dealt with 
sessions: (a) Surface 
Protection Painting, which 
paint, Beliaeff corrosion testing] 
various alloys protected 
oxidation and anti-fouling paint, and 
Morlet and Danis the effect off 
electrolytic polishing corrosion; 
Theories Corrosion, which 
Chaudron and Benedicks contributed 
important papers; (c) Cathodic 
tion, especially pipeline protection, 
Speller and Raclot; (d) Dry 
dation and Intercrystalline 
which included the paper 
combe and Yannaquis the 
ence crystallographic factors high- 
purity aluminum; (e) Corrosion 
Alloys. This section was devoted 
work carried out the Royal 
Establishment, Farnborough, Hants. 
Takowski gave paper the influence] 
surface contamination the 
sion magnesium-manganese 
and Cole dealt with 
problems arising from the use 
nesium alloys aircraft and the 
portance chemical buffering 
treatments these alloys. 
LURGY. These sessions covered 
field including various aspects 
production iron and steel and 


Corrosion Metals. Part 
minum and Its Alloys. Part 
sium and Its Alloys. “Electron.” 
Met. Ind., 25, Nos. 249, 251, 135-142, 
546 (1948) Jan., March. progress. 

The January installment completes 
covering corrosion fatigue; resistance 
sea-water and atmosphere and 
and chemical industries; 
corrosion resistance; elec- 
trochemical 
ment commences account magnesium 
and alloys: galvanic corrosion and 
relation design, stress-corrosion, 
rosion 


Corrosion: Summary the 
the Joint Committees. Hudson, 
Steel, 20, 507 (1947) Nov.; Brit. 
building Res. Assoc., No. 12, 464 

Work the Protective Coatings 
Committtee the Steel Res. Assoc. 
dicates that preparation the base 
face the most important factor 
life protective paints. well 
pared surfaces there distinction 
the use inhibitive and non- 
primers, but use inhibitive primers 
increasing value with lack 
preparation. Marine Corrosion 
Committee work confirms this 
sion. formula given which 
sidered set standard reliability] 
for paints for ship hulls. The work 
other sub-committees described 
references are given relevant 
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and reports the Iron Steel Insti- 


Corrosion. Mars Fontana, Eng. 


40, 75A, Mar. 


Describes concentration-cell corrosion. 


Also outlines NACE technical program 


presented St. Louis, April 5-8, 
1948.—BLR. 


Corrosion-Resistant Metals for Valves 
and Seats Heavy-Duty Engines. 
Colwell, Thompson Products, Inc., Paper 


before SAE Summer French Lick, 


June 1947; SAE Quarterly Trans., 
No. 84-103 (1948) Jan. 

Valve and seat materials for heavy- 
duty engines are discussed great de- 
tail, including hard-facing materials. De- 


aspects are also covered. Among 


gas turbine bucket materials being eval- 
uated for possible valve use, Inconel 
offers great promise. test date, 
seating properties have not been equal 
Stellite facing, and appears defi- 
cient bearing qualities for seat and 


but stem can hard-plated and 


1500° aircraft exhaust valve 
shown, base TPA austenitic steel 
0.50molybdenum- 
2.5tungsten), with Nichrome head coat- 
ing, Stellite seat, nitrided stem, tool- 
steel Valve has sodium-cooled hol- 
low head and handles 150 hp. 


several thousand hours normal 


operation. Nimonic has been used 
extent for aircraft valves. Field 
results sometimes disagree with labora- 
tory tests, lab tests TPA steel 
were not impressive, whereas gave 
good results engines. Nichrome pud- 
dled seat TPA aircraft valve worked 
well, but when entire valve was Ni- 
chrome, seating was poor. Sigmaphase 
steel satisfactory for valves. Hot cor- 
tests under stress are the best 
corrosion tests. Tables include: compo- 
tion turbine alloys, rupture, creep 
and endurance properties the latter; 
compositions hard-facing materials, 
composition seat-insert materials, 
Brinell hardness and coefficient lin- 
ear expansion, room temperature 
Graphs show: results cor- 
rosion tests exhaust-valve steels after 
hr. 1675° F.; hot hardness 
1400° F.; endurance and corrosion tests 
results with hard facing materials. Va- 
rious design influences 
temperatures are discussed 
trated. positive valve rotator and ex- 
amples wear, fatigue, stuffing and 


deposits various valve parts and ma- 
are shown. 


INHIBITORS 


Field Test Corrosion Inhibitor for 
Low-pH Flood Water. Breston and 
Kenneth Barton, Oil and Gas J., 46, 91-92, 
95-96 (1947) Dec. Producers Monthly, 
12, 13-17 (1947) Nov. 

Jescribes new chemical method for 
water lines from corrosion 
slightly acid air-free flood waters, 
Without having raise the 
accomplished use certain amine- 
type chemicals concentrations only 
few parts per million, method also 
presented for testing the corrosivity 


water and the effectiveness corro- 


inhibitors. involves insertion 
metal coupons into the water lines 
bypass lines means plastic cou- 


ABSTRACTS 


pon holder. Average weight loss used 
calculate relative corrosion. Field 
tests with rosin Amine acetate (2-4 
ppm.) reduced relative corrosivity from 
percent. 


INSPECTION 


Electrolytic Thickness Tester for 
Plated Metal Coatings. Howard Fran- 
cis, the Electrochem. Soc., 93, 79-83 
(1948) Mar. 

Describes device based anodic dis- 
sociation defined area the plated 
metal, using the current-time product 
measure the thickness. Success- 
fully measured coatings include: Tin, 
zinc, lead, cadmium, copper, chromium, 
silver, gold, and brass steel; and tin, 
zinc, lead, and chromium brass 
copper micro-in. tin steel can 


KOPPERS 


BITUMASTIC 


Coal Tar Coatings. Hot ap- 
plied pipe line coatings. Cold 
applied coatings and paint. 


Asbestos Pipe Line Felt. 


Supersonic Inspection for Internal 
Fissures Cast Rolls. Dugan, Ohio 
Steel Foundry Co., Steel, 121, No. 80- 
81+ (1947) July 28. 

The nature internal fissures cast 
steel rolls discussed briefly and their 
detection means the reflectoscope 
instrument described length. Exact 
location fissures interiors rolls, 
with not more than percent carbon 
content, feet long and the 
transverse size and shape the rup- 
tures can determined this way. 
Experience the Ohio Steel Foundry 
cited. Full description instrument. 
the present, success has been 
had with supersonic testing iron base 


Coal Tar coating in tape form. 


You don’t have surrender corrosion when these 
three are the job, guarding your valuable invest- 
ment Metal Structures. Wherever corrosion attacks, 
above below ground, water, pipe lines, tanks, 
buildings, etc., these three famous products will stand 


guard. 


Our direct-from-Houston distribution these 
products assures you prompt service anywhere 
Texas and Louisiana. 
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METAL FAILURE 


Recent Developments Corrosion- 
Resistant Aluminum-Magnesium Alloys. 
Brenner and Roth, The the Inst. 
Met. (England) 74, Part 159-189 
(1947) Dec. 


The paper describes extensive in- 
vestigation the influence chemical 
composition and thermal treatment 
the intercrystalline corrosion alumi- 
num-magnesium alloys containing 5-9 
percent magnesium, result the 
investigation, new method heat- 
treatment, termed “stabilizing treat- 
ment,” suggested which the alloy 
extremely slowly cooled 
homogenizing temperature rate 
about 50° C./hour. Corrosion tests 
the laboratory and the North Sea, 
well long-term service trials, indicate 
that alloys treated this method are 
immune intercrystalline-corrosion and 
stress-corrosion failure even the high 
temperatures encountered under tropical 
conditions. While cold reduction gener- 
ally increases the tendency intercrys- 
talline corrosion, small additions cop- 
per, manganese, chromium, and zinc have 
very different effects. Some these ad- 
ditions, eg., copper, reduce the stress- 
corrosion-resistance the homogenized 
state and improve the aged condition. 
The high stress-corrosion-resistance al- 
loys containing small additions chro- 
mium instead the usual manganese 
special interest. The close correla- 
tion between the thermal treatment, 
the microstructure, and the susceptibil- 
ity intercrystalline corrosion, and 
especially, stress-corrosion these al- 
loys clearly indicated. Authors not 
differentiate between failure due gen- 


KEEP AHEAD 
the RUST! 


Let furnish cost proposal 
sandblasting and coating 
tanks and steel structures. 
GUARANTEED PROTEC- 
TION With 12-year pre- 
determined cost averaging 
about cents per sq. ft. per 
year. 


Our Method Keep Ahead 
the Rust, and Save Your Steel Be- 
fore Considerable Losses Have 
Occurred. 


CORROSION 
Engineering Co. 


1814 Richmond 


Houston Texas 


ABSTRACTS 


eral corrosion and those due rapid 
penetration 
sion. Thirty-five 


Peel Whiteheart Malleable Cast 
Iron. Bowden, the Iron and Steel 
158, 9-14 (1948) Jan. 

Describes development tests de- 
tect peel track links and other 
castings which were used without 
machining. Experiments devised de- 
termine conditions under which peeling 
takes place are described. theory 
advanced that peel formation occurs 
preferential oxidation the silicon 
the metal form fayalite when the 
ratio the malleableizing at- 
mosphere abnormally high. also 
demonstrated that peel can produced 
silicon-manganese steel.—BLR. 


Some Model Experiments the Ef- 
fect Blade Area Propeller Cavita- 
tion. Bell, Paper before Inst. Naval 
Architects, 331-332 (1947) 


Describes results tests three- 
bladed propellers, destroyer type, car- 
ried out the cavitation tunnel put 
into service Haslar Discus- 
sion the vortex character the lam- 
inar cavitation 


Study Black Streaks Produced 
the Skin Cloth from the Wearing 
Gold Jewelry. (In French) Marcel Ballay 
and Pierre Vogt, Metallurgie, 44, 
256-260 (1947) July-Aug. 

Jewelry various types was tested 
numerous wearers and under con- 
trolled conditions determine the rea- 
son for the above streaks. was found 
that there less effect from solid pieces 
than from chains other cutwork and 
that caused the abrasive action 
dust and other foreign matter, not 
corrosion caused reaction with skin 
secretions.—BLR. 


Ferrous Physical Metallurgy. Baey- 
ertz and Craig, Mining and 
Metallurgy, 29, 114-117 (1948) Feb. 

Reviews 1947 developments me- 
chanical properties; transformations; 
quenching and heat flow; magnetic and 


BLR. 


Coal Trades Rev., 154, 463-467 (1947) Mar. 
21; Corros. Matl. Prot., No. 
(1947) Sept.-Oct. 

Abstracts series papers com- 
prising symposium held the Uni- 
versity Melbourne. Considers various 
causes fatigue 


Stress Corrosion Cracking Welded 
Mild Steel Gas Mains. Committee Brit. 
Welding Res. Assoc., Chem. Ind., No. 36, 
549 (1947) Sept. Iron Steel Inst., 
157, Pt. 136-137 (1947) Sept. 

Summary present position re- 
sults investigations date into stress 
corrosion cracking welded mild steel 
gas mains industrial 


CATHODIC PROTECTION 
SERVICE 


Engineering Installation 


Dow Magnesium Anodes, Miscellaneous 
Supplies and Instruments 
1801 Bissonnet, Houston K. 3-6092 


Tulsa, Oklahoma 


Jan., 


laboratories well Gas 
Board and British and Res. 
Failure has occurred only portion 

gas plant after condensation 

ammonia extraction. The failure 
identified particular case inter. 
crystalline cracking. Differences 

ing technique not influence the 

stress-relieving 

solve the problem, but the method 
procedure will have accurately 
ascertained, Oxidation products am. 
moniacal liquors constituents are 
important factor. Field experiments 
ering various types steels and 
factors instituted gas works will 
evaluated conjunction with 
tory 


Corrosion Cracking Magnesium Al. 
loys. (In Russian.) Zaretskii, 
nal (J. Applied Chem) 
823-829 (1947) Sept. 20. 

The corrosion resistance 
sheet containing 5.62-5.84% aluminum: 


0.95% zinc; 0.38% manganese; 
silicon, and 0.05% magnesium was 


stress and temperatures from room 
420° air and various other 
Attempts improve stress-corrosion 
sistance cold working heat treat 
ment were 


Corrosion Cracking Cast 
Alloys. (In Russian.) Zaretskii 
Chem.), 830-840 (1947) Sept. 20. 
Stress corrosion resistance cas} 
magnesium, the alloy mentioned 
the above abstract, and another 
10% aluminum; 0.20% 
ganese; iron, and 0.09% silicon 
sensitive stress corrosion; the cas} 
form the second, contrary 
cold-worked form, also not 
the latter cast alloy has slight 
ency toward stress corrosion, 
eliminated proper heat 
and quenching procedure, which 
scribed. The mechanism stress 
sion cold-worked and cast 


Caustic Cracking Welded 
Plate. Wilten, Metal Prog., 52, 
805 (1947) Nov. 

Discusses above type failure, 
micrographs included.—BLR. 

Peeling Whiteheart Malleable 
Steel Inst., 158, 15-19 (1948) Jan. 

described, and examples the 
are given and discussed. 
with malleable iron 
nesses and with various sulfur 
have shown that high sulfur 
the iron ore used for 
causes 


STARR THAYER 


Consulting Engineer 


Corrosion mitigation on existing struc- 
tures; protection designed for new 
structures. 


614 S, Standard Bidg. Houston, Texas 
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RECTIFIERS 


for Cathodic Protection Applications 


re, 
results 


Outstanding Features Good-All Selenium Rectifiers Include: 


Widest range sizes and capacities. Long life, rugged construction. 


From one thousands volts rms Economy cost and installation. 

and from milliamperes thousands Elimination maintenance costs. 
amperes. Over load magnetic line switches. 
Permanent Characteristics. Individual “ON-OFF” switches for 
Savings space and weight. meters. 


Adaptability all types circuits Quick-Change, output selector 
and loads. taps. 
National Distributors 
str! 
, Texas 


CORROSION 
LITERATURE 


For Sale NACE 


Management Information 
Cathodic Protection Buried 
Metallic Structures Against 
Corrosion 
Bulletin Prepared Correlating 
Committee Cathodic Protection. 
Lots more, each....... 10c 


Bibliographic Survey 
Corrosion, 1945 
Abstracts Corrosion Literature for 


the Year 1945 Compiled Robert 
Misch, James Waber and Hugh 


McDonald, indexed and 

dexed. Cloth-Covered, Bound Book. 
Single copy postpaid members 

the Association............ $4.00 
non-members the 

5.00 


Control Pipe Line 
Corrosion 
Prepared Mudd, Chief Cor- 
rosion Engineer, Shell Pipe Line 
Corp. Paper Bound, Manual, 
9”. 
Single copy postpaid........... $1.25 
Five more copies one address, 
postpaid $1.00 per copy. 


Directory 


Compiled American Coordinating 
Committee Corrosion, 


Single copy postpaid........... $2.00 


Proceedings First Annual 
Meeting 


the National Association Cor- 
rosion Engineers, held Houston, 
Texas, April 12, 


Single copies postpaid members 


the Association............ $3.00 


Send Orders 


NATIONAL 
ASSOCIATION 


ENGINEERS 


711 Main Street 
Houston Texas 


ABSTRACTS 


WATER CORROSION 


Corrosion Boiler Feedwater Treat- 
ing Systems. IV. Leo Collins, Power 
Generation, 52, No. 106-108 (1948) Jan. 

Last four installments. Reports 
tests evaluate comparative corrosion 
resistance materials used deaerat- 
ing heater trays, vent condenser tubes, 
water heater tubes. For heating trays, 
the following was noted: (1) Gray iron 
corrodes rate slightly higher than 
any the other materials. (2) Parker- 
izing did not materially change the cor- 
rosion characteristics the cast iron. 
(3) Copper bearing and nitrided steels 
exhibited about the same corrosion re- 
sistivity cast iron. (4) Erosion, rather 
than corrosion, aluminum trays was 
pronounced the holes and rendered 
them obsolete three years. (5) Brass 
was also susceptible erosion, but not 
the same extent aluminum. The 
brass trays were discarded after about 
six years. (6) Glazing was removed 
from tile-trays after one year. some 
instances they cracked during oper- 
ation. general they required such 
careful handling judged im- 
practical. (7) Cadmium plating disap- 
peared one year service. (8) Sheet 
lead coatings blistered and peeled 
second year operation. (9) The al- 
loyed cast irons showed marked su- 
periority over gray iron. 
observations, was concluded that, 
service-per-dollar basis, gray iron 
the logical choice, recognizing that pe- 
riodic replacements will necessary. 
for tubes and tube sheets, used 
vent condensers deaerating feed- 
water heater, was shown that tinning 
the copper alloys very greatly reduced 
corrosion. The corrosion rate for copper 
alloys hot, hard water about one- 
fifth that for the same materials ex- 
posed condensate from 
condenser. For steel, increasing the 
temperature hard water 
range 40-60° 120-150° in- 
creased the corrosion rate about eight- 
CEC. 


Galvanic Corrosion Dissimilar Met- 
als Applied Gas Hot Water Storage 
Heaters. Part Robert Weast, Am. 
Gas. Assoc., pp. (1947) Dec. 

Describes test results obtained from 
obtain criteria for evaluating corrosion 


Gage-Glass Condensate Cracks Metal 
Keeth, Kansas City Power and Light Co., 
Paper before NACE, Ann. Mtg., Kansas 
City, May, 1946, Power, 91, No. 78-79, 
(1947) Aug. 

Discussion how one plant licked 
corrosive fatigue revamping drum 
connections that the returning con- 
densate diffused into the boiler water 
instead remaining undiluted the 


Counterbore where had caused crack- 


Corrosion. Garside, Heat 
Eng., No. 34, 47-50 (1947); Eng. 
Absts., No. 230 (1947). 

Protection pipes carrying water, 
hot air, steam, etc., considered, and 
among other methods, painting, particu- 
larly with silicone and other synthetic 
resin lacquers discussed.—RPI. 


Hot Water Corrosion Zinc—I. Rapid 
Testing Means Dithizone. II. 
(Effect Temperature). Grubitsch, 


Jan., 


Sinigo Illi, Korros. Metallschutz, 16, 
194-203 (1940) Brit. BI, 
(1947) April. 

The true initial rate reaction 
zinc with hot water (as determined 
rotating pure zinc specimen double. 
distilled water for short intervals and 
estimating the colloidal corrosion prod. 
ucts the dithizone method) and the 
increase rate corrosion zinc 
water with rise temperature 
60° and its subsequent decrease 
investigated. Below 60° the 
process limited the reactions 

the maximum corrosion velocity 
placed from 60°C. lower 


Corrosion Boiler Feedwater Treat. 
ing II, III. Collins, De. 
troit Edison Co., Power Plant Eng., 51, 
10, 74-76 (1947) Oct.; No. 11, 114-116 
Nov.; No. 12, 114-116, 132, Dec. 

Data are presented boiler feedw ater 
treating systems better design 
operation. Part shows pattern 
rosion zeolite-acid-degasification 
tem. Procedures outlined 
provide reliable means for 
ing corrosivity different types 
ter involved. Corrosion reaches max. 
deaerator vent condenser. Part 
lyzes graphitic corrosion such 
and describes laboratory tests 
iron test bars and field observations. 
zeolite acid water treatment 
quiescent soft waters laden with 
most conductive graphitic corro sion 
gray iron. Part III deals 
with suitable materials for 
equipment and for use acid and brine 
systems. vent boxes, cast iron lasted 
years, nickel-7 copper-cast 
lasted seven years. Type 302 
was unattacked after seven years. 
steel best for sodium unit 
preferred over yellow brasses 
erant manifolds. Invent condenser 
ends,” 80-20 copper-nickel lasted four 
years, aluminum bronze six, arsenical 
copper five, and Admiralty years, 
attack being seam side. Vent con- 
denser shells tin-coated the wet side 
double-dip hot process method 
preferable cast iron steel. Stain 
less may also suitable. Where 
line waters are involved, either cast 
common steel are used for shells 
deaerating feedwater heaters. 
steel brine tanks are suitable for 
porting and storing strong 
cautions are taken prevent absorption 
acid significant amounts mois- 


ture. Lead rubber lined steel 
ommended for phosphoric acid. 
lined steel piping preferred for dilute 
acids and copper for concentrated brine. 
—INCO. 


Effect Fire Scale Interior 
sion Boiler Tubes. Dinger, 
Navy, Marine Eng., 52, No. 12, (1947) 
Dec. 

Presence scale the outside 
boiler tube has effect upon the 
terior tube surface under special 
tions. Outside scale causes overheating 
hot spots which accelerate corro sion 
perature the metal contact the 
water. Uniform scale coating 
transfer heat but variable one} 
caused scale dropping off 
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ASSOCIATION 


Sound Protection Versatile Protection 


Magnesium Anodes 


Let’s put terms simple mathe- 
matics. When you use Dow Magnesium 
Anodes, you avail yourself not one, 
but three effective weapons for superior 
corrosion control. 


Dow Magnesium Anodes are supplied 
three separate types: the cast mag- 
nesium anode, pack- 
aged magnesium anode for quick, easy 
installation—and Galvo-Line, Dow’s 
continuous ribbon type anode for high 
resistivity soils. 


Each one these anodes was especially 
designed meet specific corrosion 


condition. Used individually com- 
bined, they spell truly versatile protec- 
tion for ever increasing number 
applications. There’s sound corrosion 
insurance lowest cost you. 


Whatever your corrosion problem, 
will pay you investigate Magnesium 
Anodes developed The Dow Chemical 
Company. They are enthusiastically en- 
dorsed all industry the modern, 
efficient way protect all types 
buried metal structures. Write today 
for more complete information. 


Magnesium Division THE DOW CHEMICAL COMPANY MIDLAND, MICHIGAN 


New York 


St. Louis Houston San Francisco 


Detroit e Chicago 
e Los Angeles « Seattle ¢ Tulsa 


Dow Chemical of Canada, Limited, Toronto, Canada 


CORROSION ENGINEERS 


maximum underground 


CHEMICALS INDISPENSABLE 
INDUSTRY AND AGRICULTURE 


2 


having special deposits certain 
localities will cause variation the 
tube temperature which may set cor- 
rosive action addition stress due 
temperature differences. With clean boil- 
water, properly treated, this destruc- 
tive action unlikely but when there 
are dirt spots adherent scale and in- 
adequate treatment the higher tempera- 
ture the metal the hot spot may 
initiate action which would 
place normal 


Corrosion Boiler Feedwater Treat- 
ing Systems—IV. (Concluded). Leo 
Collins, Power Generation, 52, 106, 108 
(1948) Jan. 

Refers especially systems employ- 
ing zeolite, acids, and degasification. 
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YOUR COSTS 
HILL,HUBBELL 
PIPE PROTECTION 


ABSTRACTS 


Presents results tests made eval- 
uate comparative corrosion resistance 
materials used deaerating heater 
trays, vent condenser tubes, and water- 
heater tubes.—BLR 


Corrosion Prevention Controlled 
Calcium Carbonate Scale. Sheppard 
Ind. Eng, Chem., 40, 453-457 (1948) 
Mar. 

Use the above for corrosion pre- 
vention cooling-tower systems serv- 
ing steel equipment was discussed 
earlier paper. New data for the ioniza- 
tion constants carbonic acid have been 
used recalculate the pH-temperature 
curves, bring them date. ref. 
—BLR. 


Your pipe, mill coated-and-wrapped your exacting specification, 
delivered site ready install, eliminates all the uncontrollable 
factors resulting costly delays from the field application 


coating-and-wrapping. 


The HILL, HUBBELL modern system processing and scheduling 
your coated-and-wrapped pipe, assures prompt delivery when 


you want it. 


OHIO. 


Jan., 
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ALABAMA 


ALABAMA 


ADAMS, Jack W., Southern Natural Gas Co., 
Watts Bldg. : : 
DENT. Jr., American Cast Iron Pipe 
., Box 
poNoixo. Charles K., American Cast Iron Pipe 
.. Box 2603. 
GAMBLE. Chas. B., Birmingham Gas Co., 1918 
First Avenue. 
HARRIS, R. L., Alabama Power Co., 600 N. 
St. 
MACKENZIE, James T., American Cast Iron 
Pipe Co., Box 2603. i 
McCAULEY, E. D., American Cast Iron Pipe 
Co., 2030 16th St. 
| MOSELEY, R. H., Jr., American Telephone & 
i Telegraph Co., Comer Bldg. 
| PURYEAR, R. A., Alabama Gas Co., Box 237. 
RAMSEY, Jack W., Souuthern Bell Telephone & 
Telegraph Co., Phoenix Bldg. 
REED, Ramsey M., United States Pipe & Foun- 
; dry Co., First National Bldg. 
YELDELL, J. W., Southern Natural Gas Co., 
Bldg. 


Waits 


MOBILE 

S STRANGE, Harold T., Mobile Gas Service Corp., 
Box 1130. 

SHEFFIELD 


TAIT, Emmitte P., Dept. of Chemical Engineer- 
ing. Tennessee Valley Authority. For mail: 
House 123 Village I. 


ARIZONA 
COOLIDGE 


BELL, Lawrence H., Natural Gas Service Co. 
of Arizona, Box 127 


TEMPE 
FLORREICH, Edward L., U. S. Dept., Agricul- 
ture Engineering Division, Region 3, 1224 
Dorsey Lane. 
ARKANSAS 


DORADO 


BERTETTI, John W., Root Petroleum Co. 
HARDCASTLE, Coy A., Lion Oil Co. 
HOIBERG, Arnold J., Lion Oil Co. 
ROGERSON, J. B., Lion Oil Co. 


JONESBORO 
GREEN, W. A., Arkansas Power & Light Co. 


LITTLE ROCK 


CALLAHAN, V. L., Southern Acid & Sulphur 
Co., Inc., Box 991. 

MAYHAN, W. Alvin, Little Rock Municipal 
Waterworks, Municipal Auditorium. 


NORTH LITTLE ROCK 


COX, R. F., Texas Eastern Transmission Corp., 
Drawer 352. 

GRIGGS, Henry P., Texas Eastern Transmission 
Corp., Box 352. 


CALIFORNIA 
ALHAMBRA 


ENQUIST, Melvin A., Deady Chemical Co., Los 
Angeles, Calif. For mail: 1609 Azalea Drive. 

NASH, William F., Jr., C. F. Braun & Co., 1000 
S. Fremont St. 

SMITH, Martin B., American Pipe and Steel 
Corp., 2201 W. Commonwealth. 


AVENAL 


KNOWLTON, Drexel R., Kettleman North Dome 
Association. 


AZUSA 


STROMSOE, Douglas A., Southern Pipe & Cas- 
ing Co., Box C. 


BAKERSFIELD 
SMITH, Clair J., Western Gulf Oil Co., Box 471. 
BELL 


SCHILLING, W. M., Southern Counties Gas Co., 
4818 Beck Ave. 


BERKELEY 


CHADWICK, M., Armco Drainage Metal 
Produets, Ine., Seventh & Parker Sts. 

FOX, Arthur R., Shell Development Co., Emery- 
: ville, Calif. For mail: 1833 Berryman St. 

Peter C., Shand Jurs Co., 917 Carlton 


BEVERLY HILLS 


O'LEARY, Frederick James, The Barrett Div., 
Allied Chemical Dye Corp., Los Angeles, 
Calif. For mail: 308 S. Clark Drive. 
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CERRITO 


BREITENBACH, Paul, Pacific Gas & Electric 
= Emeryville, Calif. For mail: 708 Avila 
ace. 


SEGUNDO 


BEHN, Daniel R., California Research Corp., 
324 El Segundo Blvd. 

TANDY, Edward H., Standard Cil Company of 
California, Box 97. 


EMERYVILLE 


BRADY, Merritt H., Pacific Gas & Electric Co., 
4245 Hollis St. 

DEAN, Roy O., Pacific Gas & Electric Co., 4245 
Hollis St. 

ELDREDGE, George G., Shell Development Co. 

MILLER, Ross F., Shell Development Co., 4560 
Horton St. 

SCHNEIDER, Wm. R., Pacific Gas & Electric 
Co., 4245 Hollis St. 

TRESEDER, Richard S., Shell Development Co., 
4560 Horton St. 

WACHTER, Aaron, Shell Development Co., 4560 
Horton St. 

WEBER, Martin K., Shell Development Co., 8560 
Horton St. 


FONTANA 


MADDEN, R. C., Kaiser Co., Inc., Iron & Steel 
Div., 202 S. Palmetto. 


GLENDALE 


DOBSON, Paul A., D. W. Haering & Co., Inc., 
1001 N. Howard St. 

ENGELHARDT, Robert Lee, General Controls 
Co., 801 Allen Ave. 


HUNTINGTON PARK 


McARTHUR, Ralph F., Kobe, Inc., 3040 E. Slau- 
son Ave. 


HABRA 


McCLOUD, Dwite M., California Research Corp., 
Box 446. 


MESA 


FLOR, Loy L., La Mesa, Lemon Grove & Spring 
Valley Irrigation District, 4769 Spring St. 
SHELTON, M. J., La Mesa, Lemon Grove & 
Spring Valley Irrigation District, 4769 Spring 

Street. 


LINCOLN 


JOHNSON, Elmer A., City of Lincoln, Private 
Engineering Practice, Box 501. 


LONG BEACH 


GRAY, R. M., Long Beach Oil Development Co., 
255 S. Santa Clara Ave. 

HIGGINS, Frank T., City of Long Beach Water 
Dept., 215 W. Broadway. 

PURDY, D. F., Richfield Oil Corp., Box 470. 

WELLS, C. Kenyon, Long Beach Water Dept., 
215 W. Broadway. . 

WHITENECK, L. L., Long Beach Harbor Dept., 
1333 El Embarcadero. 

WOODRUFF, Warren E., Technical Service Co., 
2425 Gundry Ave. 


LOS ANGELES 


BARCUS, E. Dale, Pacific Telephone & Tele- 
graph Co., 740 S. Olive St. 

BECHTOLD, Ira C., The Fluor Corp., Ltd., 2500 
S. Atlantic Blvd. 

BEENFELDT, Earl L., National Lead Co., 3113 
E. 26th St. 

BLACK, Bobby E., Southern California Gas Co., 
1700 S. Santa Fe Ave. 

BLAKE, J. A., Electric Steel Foundry Co., 4600 
Pacific Blvd. 

BLECKSMITH, C. C., Duncan Electric Manu- 
facturing Co., 164 S. Central Ave. 

BLOHM, Clyde L., The Fluor Corp., Ltd., 2500 
S. Atlantic Blvd. 7 

BRADLEY, F. E., Chanslor-Canfield Midway Oil 
Co., 4561 Produce Plaza W. 

BRIGGS, H. L., Chanslor-Canfield Midway Oil 
Co., 4549 Produce Plaza West. 

CATES, Walter H., Western Pipe & Steel Co. 
of California, 5717 Santa Fe Ave. 

CLARKE, B. C., Pacific Metals Co., Ltd., 1400 
S. Alameda St. 

CORFIELD, Guy, Southern California Gas Co., 
Box 3249, Terminal Annex. 

DIETZE, Irwin Charles, Dept. of Water & Power, 
City of Los Angeles, 141 S. Martel Ave. 

DOD, A. Bayard, Jr., Phelps Dodge Copper Prod- 
ucts Corp., 6100 Garfield Ave. 

DORN, Norman L., Lane-Wells Co., Box 2194, 
Terminal Annex. 

DORSEY, Joseph S., Southern California Gas 
Co., 1700 Santa Fe St. 

DOUGLASS, Harry E., Stewart R. Browne Man- 
ufacturing Co., Inc., 1065 Riverside Drive. 
ELLIOTT, Jack H., Los Angeles County Air 
Pollution Control, 11062 S. Ruthelen Ave. 
GIGNOUX, J. R., Shell Oil Co., Inc., 1008 W. 

Sixth St. 


CALIFORNIA 


GILBERT, T. H., Southern California Gas Co., 
Box 3249, Terminal Annex. 

GOIT, Laurance E., Dept. Water & Power of 
Los Angeles, 207 S. Broadway. 

GRAHAM, D. W., Dept. of Water & Power, 207 
S. Broadway. 

GREBSTAD, Ernest H., Southern California Gas 
Co., 1700 S. Santa Fe. 

GREEN, Willis G., General Petroleum Corp., 
2721 East 37th St. 

HALL, Elwin B., E. B. Hall & Co., 523 W. 
Sixth St. 

HARRIS, Jack H. L., Wright Chemical Corp., 
Los Angeles, Calif. For mail: 5260 Southridge 


Ave. 

HISKEY, D. R., Dearborn Chemical Co., 807 
Mateo St. 

HOUGH, F. A., Southern Counties Gas Co. of 
California, 810 S. Flower St. 

KARTINEN, Ernest O., Signal Oil & Gas Co., 
811 W. Seventh St. 

KEELING, Harry J., Southern Counties Gas Co. 
of California, 810 S. Flower. 

KRIKSCUS, Paul, Jr., Johns-Manville Sales 
Corp., 816 W. Fifth St. 

McGOWAN, James A., Aluminum Company of 
America, 108 W. Sixth St. 

McSPARRAN, W. G., Aluminum Company of 
America, 108 W. Sixth St. 

MITCHELL, Francis H., Southern California 
Gas Co., 1700 Santa Fe Ave. 

MOULTON, Harold E., Andrews Butane Co., 727 
W. Washington Blvd. 

NICHOLSON, Jay T., National Aluminate Corp., 
918 S. Gramercy Drive. 

PENNINGTON, Louis E., Reynolds Metals Co., 
1206 S. Maple Ave. 

PERIER, Claude H., c/o Los Angeles City, De- 
partment of Water & Power, 405 S. Hill St. 

PHILLIANS, T. F., Shell Oil Co., Inc., 1008 
W. Sixth St. 

REINHARDT, Wm., Union Pacific Railroad Co., 
422 W. Sixth St. 

RIORDAN, M. B., Byron Jackson Co., Box 2017, 
Terminal Annex. 

ROBESON, Ralph M., General Petroleum Corp., 
108 W. Second St. 

SAVAGE, Robert H., Ralph M. Westcott Co., 
1700 S. Main St. 

SAWYER, Mark A., Pacific Telephone & Tele- 
graph Co., 740 S. Olive St. 

SCOTT, Gordon N., Industrial Engineering Co., 
555 S. Flower St. 
SENATOROFF, N. K., Southern Counties Gas 
Company of California, 810 S. Flower St. 
SMITH, Turner C., General Petroleum Corp., 
2525 E. 37th St. 

SNYDER, Frederick J., Southern California Gas 
Co.. 1700 Santa Fe. 

STAUFFACHER, E. R., Southern California 
Edison Co., Ltd., Box 351. 

STEPHAN, Dean Emerson, 
Iron Co., 608 S. Hill. 

STEPHENS, Foster M., Fluor Corp., Ltd., 2500 
S. Atlantic Blvd. 

STEVENSON, Ralph Austin, 641 Gibbons St. 

STOKES, William S., National Pipe Coatings, 
Ine., 315 W. Ninth St. 

SULLIVAN, Ray L., Calgon Inc., 1807 E. Olym- 
pie Bivd. 

SUPPLE, George H., General Petroleum Corp., 
108 W. Second St. 

TODHUNTER, Harold A., Dept. of Water & 
Power, 207 S. Broadway. 

WALDIE, Donald J., Southern California Gas 
Co., 810 S. Flower. 

WATERS, F. O., Southern California Gas Co., 
1700 Santa Fe Ave. 

WESTCOTT. Ralph M., Ralph M. Westcott Co., 
1700 S. Main St. 
WHITNEY, G. W., Emsco Derrick & Equipment 
Co., Box 2098, Terminal Annex Station. 
WOODS, Eldro M., Southern Counties Gas Co. of 
California, 810 S. Flower St. 

YOUNG, Garth L., Signal Oil & Gas Co., 811 W. 
Seventh St. 

ZIMA, Albert G., The International Nickel Co., 
Inc., 714 W. Olympic Blvd. 


Chicago Bridge & 


McKITTRICK 
SHANNON, Thos. H., Belridge Oil Co. 


MARTINEZ 


EFFINGER, R. T., Shell Oil Co., Inc., Martinez 
Refinery. 


MAYWOOD 


BARNARD, W. E., Barnard Chemical Co., 4557 
E. Slauson. 


NATIONAL CITY 


MAGOFFIN, Linn E., California Water & Tele- 
phone Co., 19 W. Ninth St. 


NORTH HOLLYWOOD 

JONES, David T., Pacific Telephone & Tele- 
graph Co., Los Angeles, Calif. For mail: 4364 
Farmdale Ave. 


OAKLAND 


BARTOLERO, Carlo, United Iron Works, 586 
Second St. 

FLYNN, E. D., Oliver United Filters, Inc., 2900 
Glascock St. 

KNOPP, Harold P., Electrical Facilities, Ine. 
4224 Holden St. 


q 

; 

by, 


CALIFORNIA 


ORINDA 

CULLEN, Thomas Gerald, Rust Oleum Corp., 
21 Las Vegas. 

PASADENA 

BLACKBURN, Duncan A., City of Pasadena, 


Water Department, 100 N. Garfield Ave. 
GALLY, Sidney K., Southern California Gas Co., 
Los Angeles, Calif. For mail: 219 S. Wilson 


ve. 

POMEROY, Richard, Montgomery & Pomeroy, 
40 W. Green St. 

SIMMONS, Edward E., Jr., Rheem Manufactur- 
ing Co., Pasadena, Calif. For mail: 455 S. 
Oakland Ave. 

VANGSNES, T., The Vanode Co., 117 
Colorado Blvd. 


RICHMOND 
PUTNAM. Joseph F., California Research Corp., 
Box 1627. 


ROSEMEAD 

KERSHNER, Daniel C., Alox Corp., Niagara 
Falls, N. Y. For mail: 1929 E. Rose St. 

SAN DIEGO 


GOLDKAMP, Chris A., San Diego Gas & Electric 
Co., Electric Bldg. 

KLAUBER, L. M., San Diego Gas & Electric 
Co., 861 Sixth Ave., San Diego, Calif. For 
mail: Box 1831. 

ROGNESS, E. C., Cathodic Protection Engineer, 
Civic Center Bldg. 


SAN FRANCISCO 

BUELL, Norman §S., California Packing Corp., 
240 Front St. 

CULBERTSON, L., Trans-Arabian Pipe Line 
Co., 200 Bush St. 

DAVIS, Wis Co., 3100 
19th 

ELSENER, L. A., Chicago Bridge & Iron Co., 
22 Battery. 

EVANS, J. M., Standard Oil Company of Cali- 
fornia, 225 Bush St. 

FARWELL, Milo S., Bethlehem Pacific Coast 
Steel Corp., 204 Illinois St. 

FREEMAN, Cecil, C. E. Freeman Co., Inc., 2277 
Jerrold Ave. 

HOWELL, R. P., Standard Oil Company of Cal- 
ifornia, 225 Bush St. 

KEMP, James T., American Brass Co., 235 Mont- 
gomery St. 

KETCHAM, Brower, 
butor, 210 Post St. 

MAYO, E. E., Southern Pacific Co., 65 Market 


St. 
MORROW, Orville E., 
200 Davis St. 
PAYNE, Harrison S., The Pacific Telephone & 
Telegraph Co., 140 New Montgomery St. 
SPARKS, Robert E., Base Maintenance Section, 
Staff Comservpac, Box 34 F. P. O. 
WEGNER, Harold C., Pacific Foundry Co., Ltd., 
3100 19th St. 


SANTA MONICA 

FLEMING, Thomas J., Associated Telephone Co., 
Ltd., 1314 Seventh St 

WOOD, F. T., Jr., Douglas Aircraft Co., Inc., 
3000 Ocean Park Blvd. 


SIERRA MADRE 


SCHMIDT, R. W., Southern Counties Gas Co. 
of California, 411 N. Sunnyside Ave. 


SOUTH GATE 

MUNGER, C. G., American Pipe & Construction 
Co., Amercoat Div., 4809 Firestone Blvd. 

OTT, Lawrence H., Rheem Manufacturing Co., 
4361 Firestone Blvd. 


TORRANCE 


KING, FREDERIC C., General Petroleum Corp., 
Box 114. 


TRACY 
DAVIE, Frank E., Shell Oil Co., Ine 


TRONA 


SCHLAUDT, Clarence A., American Potash & 
Chemical Corp., 


WILMINGTON 


ARTESE, S. J., Shell Oil Co., Inc., Box 728. 

BELL, James S., Liquid Plastics Company of 
California, 640 Broad Ave. 

CONNELL, Jasper S., Bechtel Corp., Box 457. 

DUNHAM, R. A., Union Oil Co. of California. 

HALL, R. E., Union Oil Company of California, 
Wilmington Refinery. 

HIGDON, Victor E., Liquid Plastics Company 
California, 640 Broad Ave. 

JENKINS, Vance N., Union Oil Company of 
California, Los Angeles, Calif. For mail: 
Union Oil Company of California, Research 


Dept. 

JOY, AUSTIN S., Bechtel Corp., Somastic Div., 
Box 457. 

MICHAUD, M. L., Union Oil Company of Cali- 
fornia, Los Angeles Refinery. 

SNYDER, Louis A., Richfield Oil Corp., Watson 
Station. 


Pacific Metals 


Brower Ketcham Distri- 


Hall Laboratories, Inc., 


Box 329. 
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COLORADO 


BOULDER 


ROHRMAN, F. A., Engineering Experiment Sta- 
tion, University of Colorado. 


COLORADO SPRINGS 


ABBOTT, C. B., Colorado Interstate Gas Co., 
Box 1087. 

HAGIUS, Karl S., Colorado Interstate Gas Co., 
Box 1087. 

McCLINTOCK, Robt. D., Colorado Interstate Gas 
Co., Box 1087. 


DENVER 


BURNETT, Graydon E., Bureau of Reclamation, 
Denver Federal Center. 

GARRETT, G. H., Thompson Pipe & Steel Co., 
3001 Larimer St. 

GILLILAND, John L., Jr., U. S. Bureau of 
Reclamation, Denver Federal Center. 

HOPKINS, John R., The Tapecoat Co., 1564 
Valentia St. 

MILLER, Donald J., Public Service Company of 
Colorado, 900 15th St. 

WHEATLAKE, B. K., Dearborn Chemical Co., 
Equitable Bldg. 


RIFLE 


BARKOW, C. W., U. S. Bureau of Mines, Oil 
Shale Demonstration Plant. 


CONNECTICUT 


HARTFORD 


HAMILTON, Archer B., The Hartford Gas Co., 
233 Pearl St. 


NEW HAVEN 


MEYER, Frederick R., Southern New England 
Telegraph Co., 227 Church St. 

NIXON, James A., Southern New England Tele- 
phone & Telegraph Co., 227 Church St. 
PLANT, A. Morton, United Iliuminating Co., 

80 Temple St. 


WATERBURY 


BARRY, Frederic M., Scovill Manufacturing Co., 
99 Mill St. 

FREEMAN, John R., Jr., The American Brass 
Co., 414 Meadow St. 

MITCHELL, N. W., Chase Brass & Copper Co., 
236 Grand St. 

NOLE, Vito F., Chase Brass & Copper Co., 236 
Grand St. 

PRESLEY, Maurice C., 
Co., 99 Mill St. 

PRICE, David W., The Connecticut Light & 
Power Co., 250 Freight St. 

TRACY, Arthur W., The American Brass Co. 


Scovill Manufacturing 


DELAWARE 
NEW CASTLE 


PARNELL, John B., 
New Castle Ave. 


WILMINGTON 
BROWN, Marshall H., E. I. duPont de Nemours 


& Co., Inc. 

MYERS, Ward R., E. I. duPont de Nemours & 
Co., Inc., Tenth & Market Sts. 

SCHULTZ, R. F., Hercules Power Co., Hercules 
Experiment Station. 


Gates Engineering Co., 


DISTRICT COLUMBIA 


WASHINGTON 


AULD, David, District of ogee Water De- 
partment, 14th & E Sts., 

BETHON, Henry Edwin, Ships, Navy 
Dept., Washington, D. C. For mail: 1757 
Lang Place, N. E. 

BOOTHBY, Everett J., Washington Gas Light 
Co., 1lth & H Sts., N. Ww. 

BUTLER, Edward B., National Research Council, 
P.D.C., 2101 Constitution Ave. 

CHILDS, "Benjamin F., Washington Gas Light 
Co., 1lth & H Sts., N. W. 

DEMASI, Robert R., Chesapeake & Potomac 
Telephone Co., 725 13th St. 
DENISON, A., National 

Standards. 

GREATHOUSE, Glenn A., National 
Council, 2101 Constitution Ave. 
HOLLER, Homer D., National Bureau of Stand- 

ards, East Bldg. 

LEAS, A. Robert, William Bros. Corp., 1026 17th 


LOGAN, Kirk H., Cast Iron Pipe Research As- 
sociation, National Bureau of Standards. 

RANSOM, R. A., 1025 Connecticut Ave. 

SHEPARD, E. R., Office of Chief of Engineers, 
War Department, Washington, D. C. For 
mail: 5425 Connecticut Ave. 

SIME, Robert M., Chesapeake & Potomac Tele- 
phone Co., 1111 N. Capitol St. 

SWARD, G. G., National Paint, Varnish & 
Lacquer Association, Inc., 1500 Rhode Island 


Ave., N. W. 
TEALE, Edward P., Telephone & Tele- 
graph Co., 1809 NN. 


Bureau of 


Research 


“ 


FLORIDA 
GAINESVILLE 


BLACK, Charles A., Black Laboratories, 
* 968 S. Oak St. 
GROPP, Armin H., University of Florida, Chem. 
istry Bldg. 
KIMMEL, Albert L., 
Gainesville, Fla. For mail: 
versity Station. 


JACKSONVILLE 
—_ W. C., Atlantic Coatings Co., 2391 Dennis 
St. 


Ine,, 


University of Florida, 
Box 2368, Uni. 


MIAMI 


Charles M., Florida Power & Light 
Co., Ingraham Bldg. 

DeNOON, E. M., South Florida Test Service, 
4201 N. W. Seventh St. 

FRINK, Joe, Florida Power & Light Co., Box 


3100. 
SUMMERS, C. H., Florida Power & Light Co., 
Box 3100. 


OPA LOCKA 


WHIDDEN, Ira, 
turing Co., Box 1902. 


ORMOND BEACH 


QUELCH, G. C., Jr., 
35 Seton Trail. 


PENSACOLA 


North Florida Test Service, 


Industrial Coatings Manufac. | 


NELSON, Alan C., Trans-Arabian Pipe Line | 


Co., 2011 E. Jordan St. 


GEORGIA 
ATLANTA 
AYERS, E. B., 657 Greenview Ave., N. E. 
BORLAND, W. K., Plantation Pipe Line Co., 
Box 1743. 
BOYD, P. B., Georgia Power Co., 75 Marietta | 
St.. N. W. 


FERGUSON, WwW. C., J. M. Toll & Supply 
Co., Inc., 285 Marietta St., N. W 

HORSTMAN, W. G., Plantation Pipe Line Co,, 
Box 1743. 

George M., 
Co., Box 1743. 


Plantation Pipe Line 


JOHNSTON, J. Flynn, American ig ene & 


Telegraph Co., 51 Ivy St., 

MARTIN, Robert. Plantation. Pipe Line Co., 
Box 1743. 

PRITCHETT, Edward C., American Telephone & 
Telegraph Co., Hurt Bldg. 

RANGE, E. C., The Okonite Co., Rhodes-Haverty 


Bldg. 

SULLIVAN, David N., Electro Rust-Proofing 
Corp., 1314 Piedmont Ave., N. E. 

SWANSON, A. 
graph Co., Hurt Bldg. 

WEST, John B., Aluminum Company of Amer- 
ica, Rhodes-Haverty Bldg. 

WHITE, W. C., Southern Bell Telephone & Tele- 
graph Co., Hurt Bldg. 

WINTERS, B. W., Southeastern Pipe Line Co., 
Forsyth Bldg. 


BREMEN 


PARKER, Ivy M., 
Box 423. 

SMITH, William C., Plantation Pipe Line Co., 
Box 423. 


MOULTRIE 


MAYNE, Paul J., Littrell 
struction Co., 825 Third St., S. E. 


Plantation Pipe Line Co., 


IDAHO 
BOISE 
WATERMAN, Howard E., Idaho Power Co., 
1220 Idaho St. 
ILLINOIS 
ALTON 
BALDRIDGE, Willis M., Laclede Steel Co. 
ARGO 
FLOURNOY, R. W., Corn Products Refining 
Co., 63rd & Archer Ave. 
BELLWOOD 


BENNAN, James M., Jefferson Electric (o., 


25th Ave. & Madison. 

BLOOMINGTON 

HANSON, Melvin A., Gulf, Mobile & Ohio R. R., 
Test Dept. 


BROOKFIELD 


HART, M. B., 
cago, Ill. For mail: 


Illinois Bell Telephone Co., Chi- 
4411 DuBois. 


R., American Telephone & Tele. 


Engineering Con- J 
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CARMI Commonwealth Edison Co., GRAYVILLE 
WILLIAMS, PERRY, Russell I., Commonwealth Edison Co., Max. 
$10 ne 72 W. Adams St. HARVEY 


CHICAGO 

PABBEY, Oscar A., Standard Oil Company of 
Indiana, 910 S. Michigan Ave. — 

ADKINS, J. L., The Peoples Gas Light & Coke 
Co., 122 S. Michigan Ave. 

ALK, Lewis C., James B. Clow & Sons, 201 N. 


Talman Ave. 
ANDERSON, Chester, The Crane Co., 4100 
Kedzie Ave. 
BAILEY, Alex D., Commonwealth Edison Co., 72 
W. Adams S 


BIDDISON, P. McDonald, Construction Engi- 
neer, 135 S. LaSalle St. : 

BJORKSTEN, Johan, Bee Chemical Co., 63 E. 
Lake St. 

BOBERG, Irving E., Chicago Bridge & Iron Co., 
1305 W. 105th St. shai 

BRADBURY, J. E., The Crane Co., 836 S. Michi- 

an Ave. 

B BRIGHTLY. Frederick C., Jr., Standard Gal- 
vanizing Co., 2619 W. Van Buren St. 

BUELL, James H., Middle West Service Co., 20 
N. Wacker Drive. 

BURLINGAME, M. V., Natural Gas Pipe Line 
Company of America, 20 N. Wacker Drive. 
CASEY, J. Pat, Jr., The Crane Company, 836 Ss. 

Michigan Ave. 

CHAPMAN, E. E., Atchison, Topeka & Santa 
Fe. Railway Co., 80 E. Jackson Blvd. 

CLANCY, J. J., Wailes Dove-Hermiston Dept., 
Koppers Co., 122 S. Michigan Ave. 

COGHII.L, H. T., Ampco Metal, Inc., 2400 Ww. 
Madison St. 

CONVERSE, E. M., Dearborn Chemical Co., 310 
S. Michigan Ave. 

CORWIN, Gerald A., Ludwig Wilson Co., 112 8. 

Franklin St. 

CROFT, William F., Standard Oil Company of 
Indiana, 910 S. Michigan Ave. 

DIAMOND, Horace W., Morton Salt Co., 120 S. 
LaSalle St. 

ERICKSON, E. T., Erickson Chemical Co., 619 

‘ N. Michigan Ave. 

FARKAS, Martin Donald, The Sherwin-Williarnas 
Co., 115th & Cottage Grove Ave. 

FISHER, H. E., Standard Oil Company of In- 
diana, Pipe Line Dept., 910 S. Michigan Ave. 

FLETCHER, Mark D., Illinois Bell Telephone 
Co., 215 W. Randolph St. 

FOELSCH, Henry W., Stalpic Coating Corp., 
1128 W. Armitage Ave. 

FRANCIS, Howard T., Armour Research Foun- 
dation, 35 W. 33rd St. 

GLASS, D. C., Pure Transportation Co., 35 E, 
Wacker Drive. 

SGREEN, James C., Universal Oil Products Co., 
$10 S. Michigan Ave. 

GREVE, Lyman F., Commonwealth Edison Co., 
72 W. Adams St. 

HAERING, Vera W., D. W. Haering & Co., 
Inc., 205 W. Wacker Drive. 

HERZLER, Ralph E., Jr., Reynolds Metals Co., 

Wrigley Bldg. 

HOLCOMB, William D., Bridgeport Brass Co., 
3453 W. 47th Place. 

HOOKANSON, Kenneth G., H. M. Harper Co., 
2620 Fletcher St. 

HUMPHREY, Merle G., American Telephone & 
Telegraph Co., 311 W. Washington St. 

HUTCHINSON, Carrol O., The Glidden Co., 
Nubian Industrial Div., 1856 N. Le Claire 


Ave. 

JONES, R. M., The Liquid Carbonic Corp., 3100 
S. Kedzie Ave. 

KALHAUGE, Viggo M., Standard Oil Company 
of Indiana, 910 S. Michigan Ave. 

KARNISKY, Benny, Pullman Standard Car Man- 
ufacturing Co., 11001 Cottage Grove Ave. 

KASZYNSKI, John F., Witco Chemical Co., 6200 
W. 5lst St. 

KOLZOW, Clarence R., Western Electric Co., 
5555 Archer Ave. 

LEDFORD, Raymond F., Hanson-Van Winkle- 
Munning Co., 2920 Carroll Ave. 

LOUDENBACK, Clyde I., Dearborn Chemical 

Co., 310 S. Michigan Ave. 

LUNGREN, E. E., Public Service Company of 
Northern Illinois, 72 W. Adams St. 

LYNCH, Raymond P., Chicago District Pipeline 
Co., 122 S. Michigan Ave. 

be Frank P., Electro Rust-Proofing 


Corp., 1229 W. Washington Blvd. 

MAIN, Merrill M., Crane Packing Co., 1800 
Cuyler Ave. 

MATSON, Eugene M., Universal Oil Products 
Co., 310 S. Michigan Ave. 

McCLENAHAN, W. T., Sanitary District of 
Chicago, 910 S. Michigan Ave. 

argo Hugh J., Loyola University, School 

Medicine, 

McFARLAND, Rolland, Jr., Hills McCanna Co., 
3025 N. Western Ave. 

McLEOD, Raymond H., Electro Rust-Proofing 
Corp., 1229 W. Washington St. 

McMAHON, George F., S & C Electric Co., 
4435-4439 Ravenswood Ave. 

B MENSCH, Ralph G., Industrial Coatings Corp., 
3227 S. Shields Ave. 

MODIESKA, R. Scott, Scientific Control Labo- 

ratories, 600 Blue Island Ave. 

Arley Edwin, The Dow Chemical Co., 

135 LaSalle St. 

OELLE, C. D., National Aluminate Corp., 6216 
W. 66th Place. 


PETERSON, A. J., Apex Smelting Co., 2537 W. 
Taylor St. 

PETTYJOHN, E. S., Institute of Gas Technology, 
3300 Federal St. 

PHILLIPS, Edwin H., Western Union Telegraph 
Co., 1029 W. Adams St. 

RANTA, Leo G., The Peoples Gas Light & Coke 
Co., 122 S. Michigan Ave. 

RICH, Newton D., The L. E. Myers Co., 53 W. 
Jackson Blvd. 
RIO, Anthony J., Illinois Bell Telephone Co., 
Chicago, Ill. For mail: 6950 Honore St. 
ROBERTS, R. G., Barrett Div., Allied Chemical 
& Dye Corp., New York, N. Y. For mail: 
1400 Lake Shore Drive. 

ROUTSON, L. B., Western Union Telegraph Co., 
427 S. LaSalle St. 

RUPP, Earl V., The Bastian-Blessing Co., 4201 
W. Peterson Ave. 

RYZNAR, J. W., National 
6216 W. 66th Place. 

SCHMITZ, Carl Edward, Crane Packing Co., 
1800 Cuyler Ave. 

SEIDEL, G. E., Amercoat Div., American Pipe 
& Construction Co., 4554 N. Broadway. 

SELF, M. A., Bee Chemical Co., 13799 S. Ave- 


Aluminate Corp., 


nue O. 
SHELVES, Arthur R., Wailes Dove- Hermiston 
Dept., Koppers Co., 122 S. Michigan Ave. 
SHOAN, Raymond A., Dearborn Chemical Co., 
1029 W. 35th St. 

SIEKMANN, John F., Aluminum Company of 
America, 520 N. Michigan Ave. 

SKEIE, Kermit, Magnaflux Corp., 5900 North- 
west Highway. 

SMITH, Car! B., Dearborn Chemical Co., 310 S. 
Michigan Ave. 

SOMMERS, Warren A., 4506 S. Lake Park Ave. 

STANLEY, Alfred H., Joslyn Manufacturing & 
Supply Co., 3700 S. Morgan. 

STEFANIDES, Victor N., Illinois Tool Works, 
2501 Keeler Ave. 

STOBIE, John J., Jr., Apex Smelting Co., 2537 


W. Taylor. 

STOTT, Tom, The H. M. Harper Co., 2620 
Fletcher St. 

STROTHMAN, E. P., A. O. 
mail: 310 S. Michigan Ave. 

SVRCHEK, Joseph G., Dearborn Chemical Co., 
310 S. Michigan Ave. 

THOMPSON, Harris, National Aluminate Corp., 
6216 W. 66th Place. 

TRISSAL, J. M., Illinois Central Railroad Co., 
135 E. 11th Place. 


UNDERWOOD, O. G., United Chromium, Inc., 
New York, N. Y. For mail: 6751 Oglesby 


Ave. 

VANDE BOGART, L. G., The Crane Co., 836 S. 
Michigan Ave. 

VAN LOO, Maurice, The Sherwin-Williams Co., 
115th St. & Cottage Grove Ave. 

VAN NATTA, C. A., Plastic Lining Corp., 914 
S. Wabash Ave. 

WATERBURY, C. L., Chicago, Milwaukee, St. 
Paul & Pacific Railroad Co., 898 Union Sta- 
tion. 

WILKES, John F., Dearborn Chemical Co., 310 
S. Michigan Ave. 

ZIPPER, Donald H., Armour Research Founda- 
tion, 35 W. 38rd St. 


Smith Corp. For 


CHICAGO HEIGHTS 


HELMRATH, Norman K., Victor 
Works, 11th & Arnold Sts. 


DECATUR 
BOWAN, Walter J., Mueller Co. 


EAST ST. LOUIS 


HEIDEMAN, William A., 
Co., Inc., S. 20th St. 
PICKENS, Andrew T., C. K. Williams & Co., 

2001 Lynch St. 


EVANSTON : 
BOHNE, A. W., The Tapecoat Co., 1521-23 Lyons 


Chemical 


Socony-Vacuum Oil 


St. 

FERGUSSON, Robert A., Rust-Oleum Corp., 2425 
Oakton St. 

McGEE, Herbert S., Public Service Company of 
Northern Illinois, Chicago, Ill. For mail: 
2522 Noyes St. 

RADCLIFFE, Thomas Drew, Standard Oil Com- 
pany of California. For mail: Ridgeview 
Hotel. 

SANFORD, Frank E., McGraw Hill Publishing 
Co., Chicago, Ill. For mail: 2620 Central 
Park Ave. 

Robert G., Laboratories. For mail: 
1123 Mulford St. 


FORT SHERIDAN 
ORAVETZ, Julius 
Office. 
FRANKLIN PARK 
IMES, A. D., Pipe Line Service Corp., Box 218. 


A., War Dept., Engineers 


GLENCOE 


DAVIS, Leroy Public Service Company of 


id, 


J., 


Northern Illinois, Box 


Sinclair Refining Co., 

HIGHLAND PARK 

HINDE, J. Nelson, Bell & Gossett Co., Morton 
Grove, Ill. For mail: 959 County Line Road. 

JOLIET 


C.. Texas Pipe Line Co., 

KANKAKEE 

HIGGINS, Waldo W., A. O. Smith Corp., 655 S. 
Harrison Ave. 

LOCKPORT 


NEALY, V. L., The Texas Co. For mail: Coro- 
nola Apts., 831 State St. 


MACOMB 

KETTRON, Henry P., Illinois Electric P i 
Gt i ectric Porcelain 

MANHATTAN 


SCHMIERER, A. F., Natural Gas Pipe Line 
Company of America, Chicago, Ill. For mail: 
Natural Gas Pipeline Company of America. 


MORTON GROVE 
SPOEHR, Thomas F., The H. M. Harper Co. 


OAK PARK 


JENSEN, O. L., Public Service Company of 
Northern Illinois, 1001 S. Taylor Ave. 
NICHOLS, Laurie E., Public Service Company 
of Northern Illinois, 1001 S. Taylor Ave. 
PEORIA 


BLAINE, Russell K., Hiram Walker & Sons, 
Inc., Edmund St. 

— Raymond S., Keystone Steel & Wire 
0. 


PERU 

SMITH, William N., Wood River Oil & Refining 
Co., Box 19. 

ROBINSON 

HOLMES, Laird E., The Ohio Oil Co. 


SPRINGFIELD 

MILLER, Calvin A., Central 
Service Co., Illinois Bldg. 

URBANA 

LARSON, Thurston E., 
Survey, Box 232. 

WAINWRIGHT, Ray M., University of Illinois. 

WAUKEGAN 

ROGERS, Oscar F., North Shore Gas Co., 209 
Madison St. 

WOOD RIVER 


MAURER, Robert F., Shell Oil Co., Inc., Wood 
River Refinery, Box 262. 


Illinois Public 


Illinois State Water 


INDIANA 
EAST CHICAGO 


BROXHAM, W. M., Graver Tank & Manufac- 
turing Co., Inc., 4809 Tod Ave. 

HALLEY, James W., Inland Steel Co., 3210 
Watling St. 

JUSTER, Maurice W., Socony-Vacuum Oil Co. 

RUSH, E. H., Shell Oil Co., Inc., 200 Carroll St. 


ELKHART 


LOBLEY, F. A., Miles Laboratories, Inec., 1127 
Myrtle St. 


ELWOOD 


BERRINGER, John C., Panhandle Eastern Pipe 
Line Co., 925 South A St. 


EVANSVILLE 


— Norton E., Servel, Inc., 119 N. Morton 
ve. 


FORT WAYNE 


SIMMONS, Julius M., Joslyn Manufacturing & 
Supply Co., 1701 McKinley St. 


HAMMOND 


ERICSON, Rudolph C., Northern Indiana Public 
Service Co., 5265 Hohman Ave. 

LEEDS, Donnelly A., Northern Indiana Public 
Service Co., 5265 Hohman Ave. 

SVETLIK, Joseph, Northern Indiana Public 
Service Co., 5265 Hohman St. 


3 
4 
j 


INDIANA 


INDIANAPOLIS 


CANTWELL, Guy H., Indiana Bell Telephone 
Co., 240 N. Meridian St. 

HIGBURG, Wm., Reilly Tar & Chemical Corp., 
Merchants Bank Bldg. 

HONECKER, Walter C., Indiana Bell Telephone 
Co., 240 N. Meridian. 

LANE, Russell W., National Aluminate Corp., 
Chicago, Ill. For mail: 3615 N. Colorado 


ve. 

MARTIN, D. S., Citizens Gas & Coke Utility, 
330 W. Ninth St. 

PAYNE, Paul B., Dearborn Chemical Co., 


Chamber of Commerce Bldg. 
REESE, H. L., Universal Construction Co., 1158 


.. Indianapolis Power & Light 
Co., 17 N. Meridian St. 


KOKOMO 

CHISHOLM, Charles G., Haynes Stellite Co., 725 
S. Lindsay. 

LAFAYETTE 

BONNET, Robert W., Duncan Electric Manufac- 


turing Co., 244 S. Third St. 

COLEMAN, O. K., Engineering Consultant, Box 
705. 

LA PORTE 


CARBON, H. B., Bastian-Morley Co., Inc., 200 
Truesdell Ave. 


TERRE HAUTE 


BACHMAN, Paul W., Commercial Solvents Corp. 

COLLORA, Nicholas A., Commercial Solvents 
Corp., 1331 S. First St. 

EGLY, Richard S., Commercial Solvents Corp., 
Research Department. 

HUFF, William R., Public Service Company of 
Indiana, Inc., Box 359. 


“WHITING 


ANDERSON, Albert A., Standard Oil Company 
of Indiana, Whiting "Research Laboratories. 
RIMBAULT, E. L., Jr., Federated Metals Div., 

American Smelting & Refining Co., Box 471. 


ZIONSVILLE 


JOHNSON, F., Jr., Shell Oil Co., Inc. 


IOWA 


CEDAR RAPIDS 


WIDMER, Charles Max, 
Inc. 


CLINTON 


PELTON, Charles H., Clinton Industries, Inc. 
PRASCHAN, Vernon «i Clinton Industries, Inc. 


DAVENPORT 


WILLIAMS, Geo. T., The United Light & Rail- 
ways Service Co., United Light Bldg. 


DES MOINES 


BEATTIE, George, 
312 Sixth Ave. 
DEHAAN, Peter C., 
312 Sixth Ave. 


SIOUX CITY 


DOUGHERTY, Wm. K., Sioux City Gas & Elec- 
tric Co., 515 Fifth St. 


Penick & Ford, Ltd., 


Iowa Power & Light Co., 
Iowa Power & Light Co., 


KANSAS 
AUGUSTA 
BEDELL, H. L., White Eagle Div., Socony- 
Vacuum Oil Co., Inc. 
BURRTON 


PETTIJOHN, Dale S., Panhandle Eastern Pipe 
Line Co., R. R. 2. 


GREAT BEND 


rin go Randell L., Shell Oil Co., Inc. 
WOLF H. E., Bradford Pipe Cement Lining 
Co., 41. 


INDEPENDENCE 


BAKER, W. W., Sinclair Refining Co., Colum- 
bus, Ohio. For mail: Box 460. 

FELL, Paul D., Pipe Line Dept., 
fining Co., Box 460. 

ae Earl W., Sinclair Refining Co., 


WADE, W., Great Lakes Pipe Line Co., 405 
S. Fifth St. 


LIBERAL 
GRABER, Waldo E., Panhandle Eastern Pipe 


Sinclair Re- 


Box 


Line Co., Box 979. 
McPHERSON 
MARY, E. J., National Cooperative Refinery 


Assn., Box 707 
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PARSONS 
ZAHM, E. L. E., Missouri-Kansas-Texas Lines. 


PITTSBURG 
J. G., Spencer Chemical Co., Box 
MILLER, Ralph D., Spencer Chemical Co., Box 


WOODWARD, 
Co., Box 604. 


Spencer Chemical 


RUSSELL 


OAKES, Tyrus G., Texas Pipe Line Co., Tulsa, 
Okla. For mail: 97 S. Maple St. 


WICHITA 


BAUGHMAN, George W., Cessna Aircraft Co. 
BEGOLE, Edgar Ray, Socony-Vacuum Oil Co., 
Wichita, Kan. For mail: 2022 N. Green St. 
COREY, Bruce L., Socony-Vacuum Oil Co., Inc., 
First National Bank Bldg. 

FLINT, J. W., Cities Service Gas Co., Box 1162. 

GREEN, M. C., Green Contracting & Engineer- 
ing Co., Inc., Union National Bank. 

MACH, Walter W., Cities Service Gas Co., 212 
N. Market. 

MILTNER, Donald E., Socony-Vacuum Oil Co., 
Inc., First National Bank Bldg. 

PHIPPS, Harry K., Socony-Vacuum Oil Co., 
Inc., First National Bank Bldg. 

RUPF, J. Albert, Socony-Vacuum Oil Co., Inc., 
First National Bank Bldg. 

SCHNEPEL, Palmer W., Paldon Contracting 
Co., Inc., 2311 Rivera St. 

STEPHENS, E. H., Westinghouse Electric Corp., 
301 S. Market St. 

SUTTER, Carl H., Kansas Gas & Electric Co., 
201 N. Market St. 


KENTUCKY 
ASHLAND 


WRIGHT, Lewis S., Ashland Oil & Refining 
Co. 


LOUISVILLE 


AKER, Lewis P., Louisville Gas & Electric Co., 
311 W. Chestnut St. 

AYERS, Martin k., martin R. Ayers Co., 1000 
E. Kentucky St. 

BENSON, Lamont J., Reynolds Metals Co., 2000 
Ninth. 

HOLTMAN, Clemens W., American Radiator & 
Standard Sanitary Corp., 1541 S. Seventh St. 

MILLER, Frank H., Jr., Enterprise Chemical 
Corp., 213 W. Main. 

MILLER, George M., Louisville Gas & Electric 
Co., 311 W. Chestnut St. 

PERKINS, George, Reynolds Metals Co., 2500 S. 
Third St. 

WILLIAMS, Chas. W., American Air Filter Co., 
215 Central Ave. 


LOUISIANA 


BATON ROUGE 


DRAUGHON, Charles R., Jr., Louisiana Div., 
— Oil Company of ‘New Jersey, Box 
51. 


HALL: W. Quentin, Ethyl Corp. 

HARVEY, Clarence C., Ethyl Corp., Box 341. 

O’BRIEN, Paul S., Socony Paint Products Co., 
Apt. 4, 630 Laurel St. 

STOBAUGH, Robert B., Jr., Esso Standard Oil 
Co., Box 551. 

TUTHILL, Arthur H., Louisiana Division, 
Standard Oil Company of New Jersey. 

VIDOVIC, Paul P., Metal Goods Corp. For mail: 
1742 Pickett Ave. 


GRETNA 
CABRERA, William H., Louisiana Power & 
Light Co., 711 Second St. 


HARVEY 
GAIDO, S. J., Pipe Line Service Corp., Box 373. 


KENNER 


KENDRICK, J. L., United Gas Pipe Line Co., 
Box 206. 


LAKE CHARLES 


HARGRODER, A. D., Mathieson Alkali Works. 

MANN, L. D., Cities Service Refining Corp., 716 
Hodges St. 

SCHOFER, Nathan, Cities 
Corp., Tutwiler Refinery. 


Service Refining 


MONROE 


GIVENS, Allen T., Southern Gas Lines, Inc., 
Drawer 1562. 

RODDEY, O. C., 
Inec., Box 1482. 

STEVENS, Ward W., Dixie Chemical Division, 
Commercial Solvents Corp., Box 1471. 


Interstate Natural Gas Co., 


LOUISIANA 
NEW ORLEANS 


BESSE, Paul, The California Co., 1818 


Bldg. 
ees” Frank S., The California Co., 1818 Canal 


COLLINS, James H., Ebasco Services, Inc., New 
Yor Y. For mail: 1310 Short St. 


CRAWFORD, Murray L., Aluminum Company 


of America, American Bank Bldg. 

DURNING, W., Louisiana Power & Light 
Co., 142 Delaronde St. 

GAIDRY, H. L., New Orleans Public Service, 
Inc., 317 Baronne St. 

HESS, W. T., Louisiana Power & Light Co., 
142 Delaronde St. 

IRELAND, L. G., New Orleans Public Service, 
Inc. Baronne St. 

KIPP, The California Co., Canal Bldg, 

KUHN, J., Consulting Engineer, 
Octavia St. 

LEWIS, Charles E., Louisiana Power & Light 
Co., 142 Delaronde St. 

McKAIN, G. D., The California Co., Canal Eldg, 

SEVIN, Lloyd Ls;  aieeeaaae Power & Light Co,, 
142 Delaronde St. 

STEWART, C. A., United Gas Pipe Line (Co, 
707 Canal Bldg. 

TROUARD, Sidney E., New Orleans Public 
Service, 317 Baronne St. 

WATSON, M. P., United Gas Pipe Line (Co,, 
Canal Bldg. 


PORT SULPHUR 
MUERY, Sam J., Jr., Freeport Sulphur Co. 


OLIVER, Rufus W., Jr., Freeport Sulphur Co, § 


SHREVEPORT 

ABERNATHY, M. A., United Gas Pipe Line Co,, 
Box 1407. 

ATKINS, Emery Loe, United Gas Pipe Line Co., 
Box 1407. 


BABCOCK, F., Arkansas Fuel Oil Co., Slat- 


tery Bldg. 

BEEZLEY, V., United Gas Pipe Line 
Box 1407. 

BELSON, Maurice W., D. E. Stearns, Inc., 
Shreveport, La. For mail: 3956 Richmond. 

~~ H. R., Union Producing Co., Box 

BITTLE, Frank D., 466 Albert. 

BRADFORD, Warren S., Arkansas Louisiana 
Gas Co., Slattery Bldg. 


BROOME, , Arkansas Louisiana Gas Co., 
Slattery Bldg. 
CARTER, Ben F., Union Producing Co., Box 


1407. 

CLAWSON, C. H., Union Producing Co., United 
Gas Bldg. 

CRAIN, George L., Interstate Oil Pipe Line Co., 
Box 1107. 

CREEVY, Joseph A., Youngstown Sheet & Tube 
Co., be ag Ohio. For mail: Box 44. 

EVANS, Cc. , United Gas Pipe Line Co., Box 

GLEASON. Alvin T., United Gas Pipe Line Co., 
Box 1407. 

GRAVES, R. W., Triangle Pipeline Co., 940 
Margaret Place. 

GRECO, Edward C., United Gas Pipe Line Co., 

. Box 1407. 

GRIFFIN, T., United Gas Pipe Line 
1515 Fairfield Ave. 

HENDERSON, L., United Gas Corp., Box 
40 


1407. 

HOLCOMBE, Tom L., Holcombe & Stearns, I[nc., 
Cedar Grove, Drawer 248. 

JORDAN, Raymond C., United Gas Pipe Line 
Co., Box 1407. 

KOENIG, E. 
Corp., Box 1612. 

LEVERT, Wm. F., United Gas Pipe Line Co., 
Box 1407. 

MacROBERTS, D. T., United Gas Pipe Line Co. 

McDONALD, 7. a United Gas Pipe Line Co., 
Box 1407. 

McGUFFY, E. L., Crane Packing Co., 940 Mar- 
garet Place. 

MILLER, Pat H., Texas Eastern Transmission 
Corp., 520 Spring St. 

aaa G. R., United Gas Pipe Line Co., Box 

PULLEN, P. 
Belleville, N. 2624 Lake Shore 
Drive. 

SPINKS, Lee N., United Gas Pipe Line Co., 
Box 1407. 

STEARNS, D. E., D. E. Stearns Co., 


J. For mail: 


Box 1234. 


SULLIVAN, H., United Gas Pipe Line 


Box 1407. 
WALKER, Jack R., 2748 Barret St. 
WHEELER, A. W., Graybar Electric Co., 
Greenway Place. 
WHITING, Drew T., Ingersoll-Rand Co., 
Ockley St. 
WILKES, Frank M., Southwestern Gas 
trie Co. 


SULPHUR 


CLARKE, F. Tackett, Union Sulphur Co., Inc. 
Stephen H., 
ne. 


WEST MONROE 


3621 


VAUGHAN, Charles E., Jr., Louisiana Power 


& Light Co., 101 Cotton St. 


A., Texas Eastern Transmission | 


T., Electro Rust-Proofing Corp., 


The Union Sulphur Co., 


2724 
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LOUISIANA 


FRIAN 


WINNFIELD 


THORNTON, Jesse M., The Carey Salt Co., 
salami La. For mail: Box 471. 


MAINE 
ORONO 


AXTELL, Oliver, University Maine. 
poRTLAND 


BATCHELDER, C. Donald, Portland Pipe Line 
Corp., 335 Forest Ave. 


MARYLAND. 
ANNAPOLIS 


BASIL, John Leslie, U. S. Naval Engineering 
Experiment Station. 

SCHREITZ, Wm. Gordon, U. S. Naval Engi- 
neering Experiment Station. 


BALTIMORE 


BEST, George E., Mutual Chemical Company of 
America, 1348 Block St. 

DARKIN, Mare, Mutual Chemical Company of 
1348 Block St. 

DWYER, T. J., Consolidated Gas Electric Light 
& Po Company of Baltimore, Front St. 
Bldz 

Stewart, Dearborn Chemical Co., 2205 
South Road. 

HUSTON, Kenneth M., Rustless Iron & Steel 
Div.. American Rolling Mill Co., 3400 E. 
Chase St. 

McCOk MICK, Lawrence O., Consolidated Gas 
Electric Light & Power Co., Madison & Con- 
stitution Sts. 


B MUELLER, Max F., Davison Chemical Corp., 


3635 Campfield Rd. 
Consultant, 330 N. 


Baltimore, Md. For mail: 

POWELL, Sheppard T., 
Charles St. 

WOLF. Edgar F., Consolidated Gas Electric 
Light & Power Company of Baltimore, 531 
E. Madison. 

ZAPFFE, Carl Metallurgist, 6410 
Murray Hill R 


BETHESDA 


FARRAR, Walter B., Office of Chief of Engi- 
neers, Washington, D. C. For mail: 5011 
Elm St. 


KENSINGTON 


WALDRON, Leo J., Federal Public Housing Au- 
thority. For mail: 41 Farragut Ave. 


MASSACHUSETTS 
BOSTON 


BIRD, J. D., The Dampney Company of America, 
1243 River, Hyde Park. 

CUSHING, Daniel, Consulting Metallurgical En- 
gineer, 148 State St. 

RUE, Edward C., Boston Edison Co., 182 Tre- 
mont St. 

SPRING, Harry M., Jr., Mutual Boiler Insurance 
Company of Boston, 60 Batterymarch St. 

WOOD, Paul E., General Electric Co., 136 Fed- 


eral St. 
ZAHNISER, Arthur N., Koppers Co., Inc., 250 


Stuart St. 


CAMBRIDGE 


BRASUNAS, Anton Desales, Dept. of Metal- 
lurgy, Massachusetts Institute of Technology. 

ial Rs B. Badger & Sons Co., 260 
ent St. 


va. Henry, Massachusetts Institute of Tech- 
nology. 


SERVI, Italo S., Massachusetts Institute of Tech- 
nology, 77 Massachusetts Ave. 

iar H. H., Massachusetts Institute of Tech- 
nology. 


PITTSFIELD 


BRUSH, Edwin G., Electric Co., 1 
Plastics Ave. 


QUINCY 


MOSHER, L. Malcolm, Bethlehem Steel Corp., 
Shipbuilding Div. 


SOUTH BARRE 


CUTTI . Merritt E., The Barre Wool Combing 
Co.. Ltd., Vernon Ave. . 


SOUTH BOSTON 


SHERWOOD, William C., Hersey Manufactur- 
ing Co., E and Second Sts. 


SPRINGFIELD 
STONE, 


General 


I Thomas D., Stone Industrial Equipment 
Co.. 31 Elm St. 


WALTHAM 
KARRAKER, L., Shell Oil Co., Inc., Box 181. 
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WATERTOWN 
JACOBSON, Murray, Watertown Arsenal. 


MICHIGAN 


ANN ARBOR 


SIEBERT, C. A., University of Michigan, E. 
Engineering Bldg. 


BATTLE CREEK 


BLAESE, Arnold C., Hughes Brothers, Seward, 
Neb. For mail: 100 N. McKinley St. 


BIG RAPIDS 


THOMSON, J. B., Michigan Consolidated Gas 
Co., 218 Maple St. 


DEARBORN 


McKENZIE, T. Curtis, 
14401 Lanson St. 


DETROIT 


ALTENBURGER, Clarence L., Great Lakes Steel 
Corp., Ecorse. 

ANDREWS, Alvin G., Michigan Bell Telephone 
Co., 1865 Cass Ave. 

BARRETT, E. D., Chicago Bridge & Iron Co., 
Lafayette Bldg. 
CAVANAGH, W. R., Parker Rust Proof Co., 

2177 E. Milwaukee St. 

CLAYTON, William J., Adhesive & Coating 
Div., Minnesota Mining & Manufacturing 
Co., 411 Piquette Ave. 

COLEY, Glenn, The Detroit Edison Co., 2000 
Second 

FRASER, William R., Michigan Consolidated 
Gas Co., 415 Clifford. 

KENNEDY, Ted, Dearborn Chemical Co., Book 
Tower. 

LoPRETE, Jack H., Spray-Coat Engineers, Inc., 
8711 W. Chicago Blvd. 

NIELSEN, Claudius, Nielco Laboratories, 8129 
Lyndon St. 

PFEIFFER, Arthur L., Porce-Lin Tank Lining 
Co., 3049 E. Grand Blvd. 

PINNER, W. L., Houdaille Hershey Corp., 9120 
Roselawn. 

REID, F. M., Fruehauf Trailer Co., 10940 Har- 
per Ave. 

ROOSA, Max B., Parker Rust Proof Co., 2177 
E. Milwaukee Ave. 

ROSE, Gordon P., Sr., Porce-Lin Tank Lining 
Co., 3049 E. Grand Blvd. 

SANDERSON, Wiley D., The Detroit Edison Co., 
2000 Second Ave. 

SAULSON, Saul, Alvert Kahn Associated Archi- 
tects & Engineers, Inc., 345 New Center Bldg. 

SAUT, Jules F., Reynolds Metals Co., 1010 Fisher 
Bldg 


Klem Chemical Works, 


UNGER, James, Bulldog Electric Products Co., 
7610 Jos. Campau. 

WALKER, Henry S., The Detroit Edison Co., 
2000 Second Ave. 

WEIGELE, T. W., Michigan Consolidated Gas 
Co., 415 Clifford St. 


GRAND RAPIDS 


RYAN, Clifford Joseph, Haskelite Manufactur- 
ing Corp., 701 Ann St., N. W. 


JACKSON 


HERRINGSHAW, D. E., Gas Operations, Con- 
sumers Power Co., 212 W. Michigan Ave. 
O’BRIEN, T. W., Consumers Power Co., 212 

Michigan Ave., W. 
SAYLES, E. V., Consumers Power Co., 212 
Michigan Ave., W 


KALAMAZOO 
LANE, S., Upjohn Co. 


MIDLAND 


ALQUIST, F. N., Dow Chemical Co. 

COLBURN, Lyle W., Dow Chemical! Co. 

GREBE, John J., Dow Chemical Co... 

HUMBLE, H. A., Dow Chemical Co. 

HUNTER, Ralph M., Dow Chemical Co., Mid- 
land, Mich. For mail: 1001 St. Andrews 
Drive, Box 246. 

KIRK, E. L., Dow Chemical Co. 

ROBINSON, Harold A., Dow Chemical Co., M:d- 
land, Mich. For mail: 616 E. Grove St. 

SCHMIDT, Herbert W., Dow Chemical Co. 

SMITH, Arthur, Jr., Dow Chemical Co. 


MT. PLEASANT 

MAHONEY, J., Jr., 
Co., 215 Hersee Bldg. 

PLYMOUTH 

LE JEUNE, Robert C., Electro Rust-Proofing 
Corp., 565 Ann Arbor Trail. 


SAGINAW 


FEATHERLY, Robert L., Dow Chemical Co., 
Midland, Mich. For mail: 2559 N. Bond St. 


Mahoney Contracting 


TRENTON 


HICKEY, Robert Percy, 
Co., Inc. 


Socony-Vacuum Oil 


MISSOURI 


VICKSBURG 


RONNINGEN, H. A., Ronningen Engineering 
Sales. 


WAYNE 


GARCIA, Luis, Ohio-Michigan Pipeline Div., 
Transit & Storage Co., Port Huron, Mich. 
For mail: Box 231. 


WYANDOTTE 


COOK, Leon D., Jr., Wyandotte Chemicals Corp., 
North Plant. 


MINNESOTA 
LONG LAKE 


CARTER, Geo. M., Jr., Minneapolis Gas Light 
Co., Minneapolis, Minn. For mail: Long 
Lake, Minn. 


MINNEAPOLIS 


FREDERICKSON, Hubert M., Montana-Dakota 
Utilities Co., 831 Second Ave., S. 

JACOBS, M. L., Jacobs Wind Electric Co., 2111 
Washington Ave., N. 

KAIM, Fred J., Superior Piating & Rustproofing 
Co., 1060 Tenth Ave., S. E. 

MANN, Charles A., Chemical Engineering Dept., 
University of Minnesota. 

MATTERN, R. P., Minneapolis-Honeywell Regu- 
lator Co., 2753 Fourth Ave., S. 

NEPRUDE, E. N., City of Minneapolis Water 
Dept., Minneapolis, Minn. For mail: 2712 
Humboldt Ave. S. 

PATTERSON, M. Kingsley, Minneapolis Gas 
Light Co., 739 Marquette Ave. 


MISSISSIPPI 
COLUMBUS 


KEAN, E., Jr., Mississippi Gas Co., Box 884. 


HATTIESBURG 
=— John M., Willmut Gas & Oil Co., Main 


TATUM, Joseph F., 
Main St. 


Willmut Gas & Oil Co., 


JACKSON 


HURST, Ralph. Mississippi Power & Light Co., 
Lampton Bldg. 

JONES, G. C., Mississippi Power & Light Co., 
Box 1640. 

PARNELL, H. S., United Gas Pipe Line Co., 
Box 1020. 

PEABODY, A. W., Ebasco Services, 
York, N. Y. For mail: 


Inc., New 
263 Houston Ave. 


MERIDIAN 
GRIFFIN, H. K., Mississippi Gas Co., Box 1191. 


MISSOURI 
BRENTWOOD 


McGRUE, W. M., 
Bridgeport Ave. 


Hensler-McGrue-Lane, 8730 


CLAYTON 


BAUER, Art G., Spaulding Fibre Co., 34 N. 
Brentwood Blvd. 


JOPLIN 


MUSGRAVE, John R., The Eagle-Picher Co., 
Box 290. 


KANSAS CITY 


BLACK, Ernest B., Black & Veatch, Consulting 
Engineers, 4706 Broadway. 

BLACK, Ralph P., Jr., Aluminum Company of 
America, 2300 Power and Light Bldg. 

BUDDRUS, E., Panhandle-Eastern Pipe Line 
Co., 1221 Baltimore Ave. 

BUSCH, Paul E., Great Lakes Pipe Line Co., 
Bryant Bldg. 
DIETSCH, F. F., Aluminum Div., 
Metals Co., 916 Dwight Bldg. 
HIBBS, Don B., Cooperative Pipe Line Assn., 
318 E. Tenth St. 
HUMMON, C. Gerald, 
Sheffield Station. 
KEANE, C. C., Great Lakes Pipe Line Co., 
Drawer 2239. 

McELHATTON, Francis J., Panhandle Eastern 
Pipe Line Co., 1221 Baltimore Ave. 

NEIPP, Howard S., Owens-Corning Fiberglas 
Corp., Power & Light Bldg. 

PYOTT, William T., Great Lakes Pipe Line Co., 
Box 2239. 

SMITH, Harold L., Butler Manufacturing Co., 
13th & Eastern. 
STUTZMAN, Milo J., 
tute, 4049 Penn. 
YATES, Clarence C., Southwestern Bell Tele- 

phone Co., Telephone Bldg. 


Reynolds 


Sheffield Steel Corp., 


Midwest Research Insti- 


de 


MISSOURI 


KIRKWOOD 


WHITE, W. J., Minnesota Mining & Manufac- 
turing Co., St. Louis, Mo. For mail: 514 
Parkwood Ave. 


LOUISIANA 


GARDNER, G. Douglas, U. S. Bureau of Mines, 
Coal to Oil Demonstration Div. 


ST. LOUIS 


BAIRD, Hugh W., Standard Pipeprotection, Inc., 
3000 S. Brentwood Blvd., St. Louis, Mo. For 
mail: Box 2938. 

BREUKLANDER, L. J., Monsanto Chemical Co., 
1700 S. Second. 

DEACON, Wm. T., Solvents & Plastics Co., 8032 
Forsythe Blvd. 

FENNER, Otto H., Monsanto Chemical Co., 1700 
S. Second St. 

FERREE, Ray J., National Lead Co., 722 Chest- 
nut St. 

GROSS, W. F., Tret-O-Lite Co., 937 Pacific Ave. 
HANGER, K. H., Missouri-Kansas-Texas Lines, 
Railway Exchange Bldg. 4 
HART, R. P., Missouri Pacific Railroad, Mis- 

souri Pacific Bldg. 

JOHANNES, E. Gent, Mineral Products Co., 
3102 S. Grand St. 

KELLER, W. H., Johns-Manville Sales Corp., 
1000 Market St. 

KUHLMANN, Frank H., Dearborn Chemical Co., 
1218 Olive St. 

LESTER, Charles B., Sohio Pipe Line Co., 407 
N. Eighth St. 

LOPATA, Stanley L., Stanley L. Lopata Co., 
St. Louis, Mo. For mail: 12 Dielman Rd., 
City of Ladue. 

LOWTHER, G. B., Mississippi River Fuel Corp., 
407 N. Eighth St. 

LYNCH, William H., Barry Wehmiller Machine 

o., 4660 W. Florrisant. 

MANGE, Clarence E., C. E. Mange Development 
Lab., 4425 Geraldine Ave. 

MARTIN, F. J., Mississippi River Fuel Corp., 
407 N. Eighth St. 

McCOMB, Geo. B., Standard Pipeprotection, Inc., 
3000 S. Brentwood Blvd. 

MEYER, Walter, John Nooter Boiler Works Co., 
1400 S. Second St. 

MORIE, Fred C., Formica Insulation Co., Paul 
Brown Bldg. 

NORDQUIST, Howard O., Jos. T. Ryerson & 
Sons, Inc., 5 Clinton St. 

POTTEIGER, William I., The Carpenter Steel 
Co., 712 Cass Ave. 

RASMUSSEN, V. L., The Laclede Gas Light 
Co., 3950 Forest Park Ave. 

RICHARDS, Walter C., A. Leschen & Sons Rope 
Co., 5909 Kennerly Ave. 

SCHOENE, C. E., The Laclede Gas Light Co., 
1017 Olive St. 

SONNENFELD, John, Jr., Midwest Alloys, Inc., 
1200 N. Rock Hill Rd. 

STREIT, John H., Wallace & Tiernan Sales 
Corp., 4225 Hampton Ave. 

WHITNEY, F. L., Monsanto Chemical Co., 1700 
S. Second St. 

WILSON, J. B., Standard Pipeprotection, Inc., 
Box 2938. 

ZANGE, Max, War Department, Corps of Engi- 
neers, U. S. Army. For mail: Warwick Hotel. 

ZIEBOLD, H. O., Mississippi River Fuel Corp., 
407 N. Eighth St. 


SPRINGFIELD 

BARRY, H. B., St. Louis-San Francisco Railway 
Co., St. Louis, Mo. For mail: Frisco Bldg. 

DYER, W. S., Ajax Pipe Line Corp., Box 1246. 

HENDERSON, Mervin W., Ajax Pipe Line 
Corp., Box 1246, S. S. S. 

UNIVERSITY CITY 

DOLSON, Frank E., Jr., St. Louis County Water 
Co., 6600 Delmar Blvd. 

WEBSTER GROVES 


LISSANT, Kenneth J., Petrolite Corp., Ltd., 937 
E. Pacific Ave. 

MacGREGOR, Alfred H., Bauer & Black Di- 
vision, The Kendall Co., 336 Hawthorne Ave. 


MONTANA 
BILLINGS 
HAGEMAN, D. E., City Water Dept., City Hall. 


BUTTE 


DAVIS, Carl R., Montana Power Co., 40 E. 
Broadway. 


GLENDIVE 
Frederick F., Montana-Dakota Utilities 


Sc HROTH, Harry A., Montana-Dakota Utilities 
Co., Box 131. 


NEBRASKA 
BEATRICE 


KRUEGER, Jess J., Northern Natural Gas Co., 
1708 Grant St. 


ASSOCIATION CORROSION ENGINEERS 


HASTINGS 


HILL, Leonard C., Kansas-Nebraska Natural 
Gas Co., Inc., 300 N. St. Joe. 


LINCOLN 


GRAHAM, Robert A., Central Electric & Gas 
Co., 144 S. Twelfth St. 

HENNEK, E. P., Central Electric & Gas Co., 
144 S. Twelfth St. 

KYSAR, J. Paul, K. W. Engineering Co., 2100 
S. 56th St. 

WATTS, Bruce B., K. W. Engineering Co., 2100 
S. 56th St. 


OGALLALA 


GOODALL, R. A., Electric Manufactur- 
Co., 112 W. Main St. 

SMITH, Lyle R., Good-All Electric Manufactur- 
ing Co., 112 W. Main St. 


OMAHA 


BRUHN, H. W., Omaha & Council Bluffs Elec- 
trolysis Committee, 1020 N. 22nd St. 

HAAS, W. B., Northern Natural Gas Co., Aquila 
Court Bldg. 

JOHNSON, A. G., Omaha Public Power Dis- 
trict, 17th & Harney Sts. 

KLEVER, Charles F., Metropolitan Utilities 
Dist., 18th & Harney Sts. 

ROBERTSON, James P., American Telephone & 
Telegraph Co., Service Life Bldg. 

WERNER, Daniel R., American Telephone & 
Telegraph Co., Service Life Bldg. 


NEW JERSEY 
BARBER 


REICHARD, Edmund C., American Smelting & 
Refining Co., Central Research Laboratory. 


BAYONNE 


KLINGER, O. C., Oildom Publishing Co., 1217 
Hudson County Blvd. 

McHALE, P. J., General Cable Corp., Avenue A 
& First St. 

PETTEE, Allien D., General Cable Corp., Avenue 
A & First St. 


BELLEVILLE 


Ss. Bart Manufacturing Co., 227 

ain 

BROW NING, R. T., Electro Rust-Proofing Corp., 
1 Main St. 

LEFEBVRE, Fabian J., Electro Rust-Proofing 
Corp., 1 Main St. 

SCHIFF, Melvin J., Electro Rust-Proofing Corp., 
1 Main St. 


BLOOMFIELD 
LEEDOM, Laurie M., 27 Fairway Ave. 


BOUND BROOK 


SHEPARD, Spencer W., Calco Chemical Div., 
American Cyanamid Co. 


BURLINGTON 


NELSON, H. Lloyd, United States Pipe & 
Foundry Co. 
SCHUH, A. E., United States Pipe & Foundry 


Co. 
WAGNER, Ernest F., United States Pipe & 
Foundry Co. 


CALDWELL 


CROBAUGH, Albert O., Propeller Div., Curtis 
Wright Corp. 


CAMDEN 


EDDISON, Clifford, R.C.A. Victor Div., Radio 
Corp. of America, Chemical & Physical Lab- 
oratories Bldg. 

MOORE, Albert E., R. M. Hollingshead Corp., 
340 Cooper St. 


CRANFORD 


COPSON, Harry R., International Nickel Co., 
Bayonne, N. J. For mail: 124 Makatom Drive. 


EAST NEWARK 


BONNER, W. F., Federal Telephone & Radio 
Corp., 900 Passaic Ave. 

MASON, H. W., Federal Telephone & Radio 
Corp., 900 Passaic Ave. 


EAST RUTHERFORD 


VAN AKIN, William J., The Flintkote Co., Oak 
St. & Central Ave. 


ELIZABETH 


FYKE, F. C., Personal Esso Engineering Dept., 
Standard Oil Development Co., Box 37. 
OXLEY, George W., Standard Oil Development 

Co., Box 37. 
WEST, C. H., Standard Oil Development Co., 


Box 37. 


NEW 


GLEN RIDGE 


WILSON, P. S., The Gregg Co., 325 Washing! 
ton St. 


GRASSELLI 


THIEDE, Richard Conrad, 
Works. 


HACKENSACK 


EBERHARDT, Ernest T., Subox, Inc., Fyj: 
mount Plant, 

PITTMAN, William G., William G. Pittman, }), 
dustrial Painting, 171-173 Main St. 


HADDONFIELD 


DAVIS, Edwin G., American Telephone & Te} 
graph Co., Philadelphia, Penn. For mail: §yf 
Grove St. 


HARRISON 


ALLEN, Russell J., Worthington Pump & ¥, 
chinery Corp. 4 

PAYSON, Peter, Crucible Steel Company gf 
America, Fourth St. 

PRATT, Ward E., Worthington Pump & Machin 
ery Corp. 


LINDEN 

HOLMBERG, Emil G., Alloy Steel Products (y 
1300 W. Elizabeth Ave. 

MANVILLE 


BARBEHENN, Ralph L., Johns-Manville Con] 
CLARVOE, George W., Johns-Manville Researd 
Laboratories. 


MAPLEWOOD 


HOWELL, John C., Public Service Electric | 
Gas Co., 200 Boyden Ave. 

E. T., Public Service Electric 
as C 


— 


MURRAY HILL 


ARNOLD, Sydney M., Bell Telephone Labonj 
tories, Inc. 

COMPTON, Kenneth G., Bell Telephone Lat 
ratories. 


NEWARK 


AYRES, Albert L., New Jersey Bell Telephou! 
Co., 540 Broad St. 

BAUNACH, Robert P., Jr., New Jersey Bef 
Telephone Co., 540 Broad St. 

BLAKE, George H., Public Service Corp. of Nal 
Jersey, 80 Park Place. 

BROOKES, A. Sidney, Public Service andl 
Gas Co., 80 Park Place. : 

CARMICHAEL, Elwood T., Public Service Elej 
tric Gas Co., Park Place. 

HALL, Nathaniel, G. B. Hogaboom, Jr., & Col 
44 E. Kinney St. ‘ 

HARVEY, W. J., Public Service Electric & Ga 
Co., 80 Park Place.: 

JACKSON, C. M., Devoe & Raynolds Co., 
erford & Delancey Sts. 

NICOLSON, W., Public Service Electric 
Gas Co., 80 Park Place. 

RANDOLPH, A. F., Public Service Electric 
Gas Co., 80 Park Place. 

SALMON, Philip A., Public Service Elee tre 
Gas Co., 80 Park Place. 


STROM, C. F., American Steel Foundries, Av ‘ 


nue L & Herbert St. 


SUDRABIN, Leon P., Electro Rust-Proofin 


Corp., Box 178. E 


PASSAIC 


EVEREST, Guy N., Okonite Co. 


PATERSON 


BENNETT, Charles E., The Okonite Callenée 
Inc., 730 21st Ave. 
GARRISO6N, V. L., Okonite Callender Cable (J 
Inc., 730 21st Ave. 4 
REINITZ, Bernard B., Okonite Callender Cal 
Co., 730 21st Ave. 


PENNS GROVE 
DEGNAN, Thomas F., duPont 
& Co., Chambers Works. 

PHILLIPSBURG 

CANN, Kenneth R., Ingersoll-Rand Co. ; 
GODSHALL, J. Byron, Ingersoll-Rand Co. g 
PLAINFIELD 
HENDERSON, J. B., Dehydraire Corp., Collet 


Point, N. Y. For mail: Apt. C-3, Watchutl 
Gardens. 


RED BANK 


GUERRY, William A., American Pipe & (0 
struction Co., New York, N. Y. For ma\j 
Apt. D, Warwick Apartments, 42 Pink: aa 
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NEW JERSEY 


RIDGEFIELD 


MATHERS, W. 
America, New 
Bruce St. 


RIDGEWOOD 


ELDRED, Norman 0O., 56 Sherman Place. 
YOUNG, Robert J., Hill Hubbell & Co., Div. of 
General Paint Corp., 642 Spring Ave. 


ROSELLE PARK 


THUP, Maynard S., Standard Oil Develop- 
ont Co., Elizabeth, N. J. For mail: 35 W. 


Roselle Ave. 
OSTENDORF, Wesley C., 503 Chestnut St. 


AMBOY 


LIESENBEIN, Robert P., National Lead Co., 
Titanium Div., Box 58. 


D., Aluminum Company of 
York, N. Y. For mail: 643A 


TRENTON 


SUVERKROP, E. A., John A. Roebling’s Sons 
Co.. 640 S. Broad St. 


ALFKE, C. J., 
Park Ave. 


ENGLEWOOD 


MILLER, M. C., I 
York, N. Y. For mail: 


Hackensack Water Co., 4100 


Ebasco Services, Inc., New 
1142 Emerson Ave. 


WESTiIELD 

CRANE, Harold E., Jr., Wailes Dove-Hermiston 
Dept., Koppers Co., Ine., 449 South Ave. 

PITTMAN, Charles U., Koppers Co. : 

THORNHILL, W. H. T., Wailes Dove-Hermis- 
ton Div., Koppers Co., Box 390. 

YEAZEL, F. C., Pipe Line Service Corp., Box 


661. 


NEW MEXICO 


ALBUQUERQUE 


WILSON, T. A., Southern Union Gas Co., Box 
1692. 


CARLSBAD 

DOUGLASS, E. W., Potash Company of Amer- 
ica, Box 31. 

HOLT, B., International Minerals & 


Chemical Corp. : 

SMITH, Randal E., Potash Company of America, 
Box 31. 

JAL 

ZUEFELDT, Roy H., The Texas Co. For mail: 
Box 903. 

LOS ALAMOS 


WABER, James Thomas, Los Alamos Scientific 
: Laboratories, Box. 1663. 


NEW YORK 
BROOKLYN 


BERMANN, Morton, Brooklyn Union Gas Co., 


197 St. James Place. 
CHATENEVER, Alfred, Consulting Engineer, 
8320 Bay Parkway. 


CHRIST, George J., New York Telephone Co., 
101 Willoughby. 

DIEHLMAN, George, Research Laboratories, Na- 
tional Lead Co., 105 York St. 

HAWKE, David L., Research Laboratories, Na- 
tional Lead Co., 105 York St. 

KLEINHEKSEL, S., Socony-Vacuum Oil Co., 
Inc., New York, N. Y. For mail: Technical 
Service Laboratories, 412 Greenpoint Ave. 

RUFFING, Frank M., Magnode Products Co., 
Inc., 139 Banker St. 

rage William E., National Lead Co., 105 
fork St. 

THOMPSON, Charles H., New York Telephone 
Co., 101 Willoughby St. 

WILKINSON, Horatio L., 
968 Grand St. 

BUFFALO 

CHANDLER, John W., Nukem Products Corp., 
lll Colgate Ave. 

FINNELL, Thomas C., 

Corp., Box 2025. 

KAUFMANN, D. W., International Salt Co., 

Marine Trust Bldg. 

NEUHAUS, Richard, Nukem Products Corp. 

NICHOLSON, C. T., Buffalo Niagara Electric 
Corp., Electrie Bldg. 

SMITH, Walter R., Nukem Products Corp., 111 
Colgate Ave. 


HASTINGS-ON-HUDSON 
BURD, Harry G., Anaconda Wire & Cable Co. 
HICKSVILLE 


YAHNKER, W. F., The Glasfloss Corp., New 
South Rd. 


The Debevoise Co., 


Westinghouse Electric 
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LOCKPORT 


WALKER, Hiram, Harrison Radiator Div., Gen- 
eral Motors Corp. 


LONG ISLAND CITY 
GRAY, A. E., Pipe Protection Service, Inc., 2616 
Skillman Ave. 
HALL, Kenneth G., Pipe Protection Service, 
Inc., 2616 Skillman Ave. pone 
ie 


STAITI, J. J.,; General Chemical Div., 
Chemical & Dye Corp., Box 149. 

STERNE, Cecil M., Metropolitan Refining Co., 

50-23 23rd St. 


MINEOLA 


DAVIDSON, James L., Jr., Long Island Light- 
ing Co., 250 Old Country Rd. 


NEW YORK 


ALTENBURG, Charles J., Gibbs & Cox, Inc., 21 
West St. 

ANDREW, Harold O., Moore-Robbins Publishing 
Co., Inc., 9 E. 38th St. 

AYRES, Robert Finley, Oakite Products, Inc., 
22 Thames St. 

BAGNELL, William E., Ebasco Services, Inc., 
2 Rector St. 

BAKER, Ralph D., National Lead Co., 111 
Broadway. 

BALDWIN, L. A., Johns-Manville Sales Corp., 
22 E. 40th St. 

BATTLE, Thomas J., Koppers Co., Inc., 
York, N. Y. For mail: 629 W. 115th St. 

BEBBINGTON, Marguerite, International Nickel 
Co., Inc., 67 Wall St. 

BECKER, Wm. D., Burns & Roe, 233 
Broadway. 

BENNETT, A. T., 
60 East 42nd St. 

— George E., Koppers Co., Inc., 350 Fifth 


ve. 

BREMER, Clarence, Oakite Products, Inc., 22 
Thames St. 

BRITTON, H. B., Middle East Pipe Line Co., 
25 W. 45th St. 


New 


Inc., 


Mathieson Chemical Corp., 


BRULEY, Robert W., Koppers Co. Ine., 17 
Battery Place. 

CARR, Reid L., Columbian Carbon Co., 41 
E. 42nd St. 

CHAMPLIN, George D. L., Standard Oil De- 


velopment Co., 15 W. 5lst. 
COURT, W. F., Shell Oil Co., Inc., 50 W. 50th 
t. 


St. 

COWART, B. C., Barrett Div., Allied Chemical 
& Dye Corp., 40 Rector St. 

DEVOLUY, Raymond, C. A. Woolsey Paint & 
Color Co., Inc., 229 E. 42nd St. 

DEWEY, Wm. S., New York Telephone Co., 140 
West St. 

DICKINSON, L. R., Co., 
Inc., 26 Broadway. 

DONOVAN, Lewis B., Consolidated Edison Com- 
pany of New York, Inc., 4 Irving Place. 
EVANS, Clair O., Phelps Dodge Copper Products 

Corp., 40 Wall St. 
EVERETT, Ralph H., M. J. Merkin Paint Co., 
Inc., 1441 Broadway. 
FAIRES, Carl D., Shell Oil Co., 50 W. 
50th St. 

FARABAUGH, Cletus F., Pennsylvania & Long 
Island Railroads, Pennsylvania Station. 
FARKAS, Howard, The U. S. Stoneware Co., 

60 E. 42nd St. 
FELLER, Eugene W. F., McGraw-Hill Publish- 
ing Co., 330 W. 42nd St. 


Socony-Vacuum Oil 


Inc., 


FETTER, Edmond C., Chemical Engineering, 
330 W. 42nd St. 

FLENTJE, Martin E., American Water Works 
Co.. 50 Broad St. 


FORREST, Matthew G., Gibbs & Cox, Inc., 21 
West St. 

FOSTER, Albert C., Standard Brands, Ine., 595 
Madison Ave. 

FRIEND, W. Z., International Nickel Co., Inc., 
67 Wall St. 

FRIZ, Nelson, Standard Oil Company of New 
Jersey, 26 Broadway. 

GEHLEN, Carl, E. I. duPont De Nemours & 

; Co., 350 Fifth Ave. 

GOLDSBY, Fred L., Chicago Bridge & Iron Co., 
165 Broadway. 

GORMAN, Lawrence J., Consolidated Edison 
Company of New York, Inc., 4 Irving Place. 

GRAHAM, S. B., American Telephone & Tele- 
graph Co., 195 Broadway. 

GRUBER, K. A., Chemical Fireproofing Corp. of 
New York, 1775 Broadway. 

HAMPTON, W. G., New York 
140 West St. 

HENDERSON, Walter A., New York Telephone 
Co., 140 West St. 

HEVERLY, L. F., 
Rector St. 

HUNTLEY, Harold R., American Telephone & 
Telegraph Co., 195 Broadway. 

JACKSON, B. R., Anglo-Iranian Oil Company, 
Ltd., 610 Fifth Ave. 
JOHNSTON, Howard E., 
Co., 205 E. 42nd St. 
JORDAN, Harry E., American Water 

Association, 500 Fifth Ave. 
KELLOGG, Markoe O., Shell Oil Co., 
W. 50th St. 
KLEIN, Fred. M., A. Knight Co., 55 
W. 42nd St. 


Telephone Co., 


Ebasco Services, Ine., 2 


Dearborn Chemical 
Works 
Inc., 50 


Maurice 


NEW YORK 


KNOWLTON, A. E., Electrical World, 330 W. 
42nd St. 

KOESTER, H. F., Consolidated Edison Company 

, Robert, Peabody Engineering Corp., 

KRUEGER, Forrest J., National Aniline Div., 
Allied Chemical & Dye Corp., 40 Rector St. 

KULMAN, Frank E., Consolidated Edison Com- 
pany of New York, Inc., 4 Irving Place. 

LAIN, George D., American Iron & Steel Insti- 
tute, 350 Fifth Ave. 

LANG, Franklin, Feedwaters, Inc., 140 Cedar St. 

LaQUE, F. L., International Nickel Co., Inc., 
67 Wall St. 

LEONGARD, R. O., United Chromium, Inc., 51 
E. 42nd St. 

LOPEZ, Eugene R., Barrett Division, Allied 
Chemical & Dye Corp., 40 Rector St. 

LUNDBERG, Harry E., The Dorr Co., 570 Lex- 
ington Ave. 

MACK, Bernard, Sam Tour & Co., Inc., 44 Trin- 
ity Place. 

MAITLAND, T. J., American Telephone & Tele- 
graph Co., 32 Sixth Ave. 

MARSHALL, Dwight, St. Joseph Lead Co., 250 
Park Ave. 

MASON, John F., Jr., International Nickel Co., 
Ine., 67 Wall St. 

MAURER, Keith L., Bell 
tories, Inc., 463 West St. 

MAY, Thomas P., International Nickel Co., Inc., 
67 Wall St. 

— John L., Ebasco Services, Inc., 2 


Telephone Labora- 


Rector 


t. 

MORSE, Robert E., American Gas & Electric 
Service Corp., 30 Church St. 

MORTON, Byron B., International Nickel Co., 
Ine., 67 Wall St. 
MULLER, Herman, Jr., New York & Richmond 
Gas Co., 691 Bay St., Stapleton, S. I. 4. 
NEHER, Frank H., The Flintkote Co., 30 Rocke- 
feller Plaza. 

NOLAN, Vincent J., National Carbon Co., 30 
E. 42nd St. 

NOPPEL, E. P., Ebasco Services, Inc., 2 Rector 


St. 

O’KEEFE, John F., Reynolds Metals Co., 19 E. 
47th St. 

PAETSCHKE, Charles, Ebasco Services, Inc., 2 
Rector St. 

PELOUBET, Mrs. John 175 
Claremont. 

PERKINS, Wendell L., Ebasco Services, Inc., 2 
Rector St. 

PETERS, Fred P., Reinhold Publishing Corp., 
330 W. 42nd St. 

PLACE, George W., American Bureau of Ship- 
ping, 45 Broad St. 

POPE, Robert, Bell Telephone Laboratories, 463 
West St. 

PRIESTLEY, Henry L., 
Co., 30 E. 42nd St. 

RHODES, George I., Ford, Bacon & Davis, Inc., 
39 Broadway. 

RIDDICK, Thomas M., Consulting Engineer & 
Chemist, 369 E. 149th St. 

RINEHART, Evan, Johns-Manville, 22 E. 40th 


St. 

RIPPIE, Charles W., Lukens Steel Co., 50 
Church St. 

ROBBINS, John T., Peter A. Frasse & Co., Inc., 
17 Grand St. 

ROBERTS, S. B., Celanese Corporation of Amer- 
ica, Two Park Ave. 

ROBSON, Arthur D., Toch Brothers, Inc., 2600 
Richmond Terrace. 

ROLL, Kempton H., Lead 
tion, 420 Lexington Ave. 

SAMPLE, Clarence H., International Nickel Co., 
Inc., 67 Wall St. 

SANDS, George A., Union Carbide & Carbon 
Corp., 30 E. 42nd St. 

SCAROLA, V. J., Tapecoat Co., 489 Fifth Ave. 

SHULDENER, Henry L., Water Service Labo- 
ratories, 423 W. i26th St. 

SMITH, Sydney S., Shell Oil Company, Ine., 50 
W. 50th St. 

STANDRING, J. M., American Telephone & Tel- 
egraph Co., 195 Broadway. 

STEWART, Alex, Research Laboratories, Na- 
tional Lead Co., 111 Broadway. 

STEWART, Edwin L., Standard Oil Company of 
New Jersey, 30 Rockefeller Plaza. 

STUART, Linden, Jr., The Barrett Div., Allied 
Chemical & Dye Corp., 40 Rector St. ° 
TAYLOR, Thomas A., American Telephone & 

Telegraph Co., 195 Broadway. 
TEAHAN, James T., New York & Richmond 
Gas Co., 2071 Clove Rd. Grasmere S. I. 4. 


M., care Voigt, 


Electro Metallurgical 


Industries Associa- 


THALMANN, E. H., Ebasco Services, Inc., 2 
Rector St. 

THOMPSON, D. B., The New York Central 
Railroad Co., 466 Lexington Ave. 

TIBBETTS, E. F., The Lummus Co., 420 Lex- 
ington Ave. 

TICE, E. Ailen, International Nickel Co., 67 
Wall St. 

TOUR, Sam, Sam Tour & Co., Inc., 44 Trinity 
Place. 


TRUEBLOOD, Howard M., Bell Telephone Lab- 
oratories, Inc., 463 West St. 

VAN DE GRIENDT, G. H., Schenley Distillers 
Corp., 350 Fifth Ave. 

VANDER VALK, Christy J., Lead 
Association, 420 Lexington Ave. 

VAN HOUTEN, Leslie P., American Telephone 
& Telegraph Co., 100 William St. 


Industries 


ug 
j 
i 


CROFTS, E. R., 


NEW YORK 


S., 

67 W 

VAN VLIET, R., New York & Richmond Gas 
Co., 691 Bay "St. 

WAHLQUIST, Hugo W., Ebasco Services, 2 
Rector 

a . R., Barrett Div., Allied Chemica: 

& Dye bene 40 Rector St. 

WALLNAU, Carl N., dr., Standard Oil Company 
of New Jersey, 30 Rockefeller Plaza. 

WHITING, L. R., Bakelite Corp., 30 E. 42nd St. 

WILLIAMS, E. C., Schenley Distillers Corp., 
350 Fifth Ave. 


NIAGARA FALLS 


BINDER, William O., Union Carbide & Carbon 
Research Laboratories, 4625 Royal Ave. 
BIONDOLILLO, Sando, Bell Aircraft Corp., 

Niagara Falis Blvd. 
HINCKLEY, Arthur T., Oldbury Electro Chemi- 
cal Co., 5001 Buffalo Ave. 
SHIELDS, James E., Alox Corp., 3943 Buffalo 


Ave. 

THORNBERG, Joseph E., Hooker Electrochemi- 
cal Co., 47th St. & Buffalo Ave. 

VAN HORNE, Roger H., Hooker Electrochemi- 
eal Co., Buffalo Ave. & 47th St 


International Nickel Co., 


OLEAN 


HUTCHCRAFT, D. K., Clark Bros. Co., Inc., 
Fifth & Lincoln Sts. 


ROCHESTER 


BRANSON, Edward H., General Railway Signal 
Co., 801 West Ave. 

COX, Gilbert L., International Nickel Co., Inc., 
45 Exchange St. 

Rochester Gas & Electric Corp., 
89 East Ave. 

EAST, Leo H., Rochester Gas & Electric Corp., 
89 East Ave. 

KRUGER, R. E., Rochester Gas & Electric Corp., 
89 East Ave. 

MACCOLLUM, Donald R., Rochester Gas & Elec- 
tric Corp., 89 East Ave. 

McCUMBER, Ralph H., Rochester Gas & Electric 
Corp., 89 East Ave. 

SHNIDMAN, Louis, Rochester Gas & Electric 
Corp., 89 East Ave. 

TEMMERMAN, John A., City of Rochester, 34 
Court St. 


ROME 
LYNES, Wilson, Revere Copper & Brass, Inc. 


SAYVILLE 


HEALEY, Edward Lewis, California Texas Oil 
Co., Ltd., New York, Y. For mail: 269 
Candee Ave. 


SCHENECTADY 
MENGEL, — C., American Locomotive Co., 


N. Jay 
WIRENE. Ww are General Electric Co., 1 River 
Road. 


SPRING VALLEY 


SEIFRIED, Dean B., 
Lawrence St. 


Rockland Gas Co., Inc., 40 


SYRACUSE 


JAMES, Paul W., San-Equip, Inc., E. Brighton 
& Glen Ave. 


UTICA 


COOPER, J. E., Central New York Power 
— Syracuse, N. Y. For mail: 258 Genesee 
t. 


NORTH CAROLINA 
ASHEVILLE 


COBB, Stephen P., Ebasco Services, Inc., New 
York, N. Y. For mail: 1 Country Club Rd. 


OXFORD 


CALVERT, R. C. M., Jr., 
Consulting Engineers, 
mail: 219 Devin St. 


William W. Wallace 
Durham, N. C. For 


OHIO 
AKRON 
FUNK, F. W., Ohio “—? Co., 47 N. Main St. 


SIDDALL, D. K., The U. S. Stoneware Co., Box 
350. 


ALLIANCE 


SNYDER, Fred B., Research & Development 
Dept., Babcock & Wilcox, Harrisburg & 
Sawburg. 


BARBERTON 


BRONSTEIN, Emanuel H., The Ric-Wil Co. 
GEGNER, Paul J., Pittsburgh Plate Glass Co., 
Columbia Chemical Div. 
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CANTON 


CLARK, Claude L., Timken Roller Bearing Co., 
Steel & Tube Div 


CINCINNATI 


FASOLD, G. Arthur, The Philip Carey Mfg. Co., 
Wayne Ave., Lockland. 

FRANEK, John A., Student, Ohio State Uni- 
versity, Columbus, Ohio. For mail: 820 Lud- 
low Ave. 

GOETZ, Alvin C., Eagle-Picher Company, Amer- 
ican Bldg. 

MALCOM, V. V., The Philip Carey Mfg. Co., 
Anthony Wayne Ave., Lockland. 

McDUFFIE, Roy O., University of Cincinnati. 

NUEZEL, E. F., Cincinnati Gas & Electric Co., 
323 Plum St. 

PFEIFFER, Milton J., The Cincinnati Gas & 
Electric Co., Fourth & Main Sts. 

SCHREINER, William J., Cincinnati Gas & 
Electric Co., 323 Plum St. 

SHARPNACK, E. V., Reynolds Metals Co., 4017 
Carew Tower. 


CLEVELAND 


BARNES, R. Y., Aluminum Company of Amer- 
ica, 2210 Harvard Ave. 
ee Willard F., B. F. Goodrich Chemical 
Rose Bldg. 
BOW EN, Milton Hill-Hubbell Div., 
Paint Corp., 3091 Mayfield Rd. 
BROWN, Hugh E., The W. S. Tyler Co., 3615 
Superior Ave. 

CARSON, John H., The East Ohio Gas Co., 1405 
E. Sixth St. 

CAYFORD, James M., Glascote Products, Inc., 
20900 St. Clair Ave. 

COBBETT, C. D., Hill, Hubbell Div., General 
Paint Corp., 3091 Mayfield Rd. 

CONNELLY, D. J., Williams & Co., Inc., 3700 
Perkins Ave. 

CRAIG, Walton H., The Sharples Corp., 453 
Hippodrome Annex. 

CRAVER, Albert F., The Cleveland Heater Co., 
2310 Superior Ave. 

DAUGHERTY, M. W., Aluminum Company of 
America, 2210 Harvard Ave. 

DAVIS, Leroy W., Aluminum Company of 
America, 2210 Harvard Ave. 

DUNASKY, C. F., The Harshaw Chemical Co., 
1945 E. 97th St. 
DYBLE, Edward, Cleveland Diesel Eng. Div., 
General Motors Corp., 2160 W. 106th St. 
FEBREY, H. H., American Steel & Wire Co., 
Rockefeller Bldg. 

FERGUS, D. J., Cleveland Heater Co., 2310 Su- 
perior Ave. 

GOSNELL, Everett C., The Colonial Iron Works 
Co., 17643 St. Clair Ave. 

HEATH, John R., The Cleveland Electric Illum- 
inating Co., 75 Public Square. 

HEIL, Car! E., Heil Process Equipment Corp., 
12901 Elmwood Ave. 

HORVATH, Louis, The Ohio Bell Telephone Co., 
820 W. Superior Ave. 

HOSFORD, Harry W., Jr., Harco Corp., 877 
Addison Road. 

HOXENG, Raymond B., Case Institute of Tech- 
nology, University Circle. 


General 


KAMPS, Julius M., Wailes Dove-Hermiston 
oa Koppers Co., Inc., Union Commerce 
Bld 


KERNS. Everette E., Standard Oil Company of 
Ohio, Midland Bldg. 

LATHE, J. E., Jr., The White Motor Co., 842 
E. 79th St. 

LEONHARD, F. J., The Cleveland Electric Il- 
luminating Co., 75 Public Square. 

LIPPENBERGER, D. V., Aluminum Company 
of America, 2210 Harvard St. 

LOUCKS, Charles M., Dowell Ince., 
Tower Bidg. 

McINTYRE, G. H., Ferro Enamel Corp., 4150 E. 
56th St. 

MILLS, Lester D., Jr., Standard Oil Company 
of Ohio, Midland Bldg. 

OLIVER, J. Paul, National Carbon Co., W. 
117th & Madison. 

PENSKE, J. H., Jr., Williams & Co., Inc., 3700 
Perkins Ave. 

PETERS, Arden Adolph, Harshaw Chemical Co., 
1945 E. 97th St. 

PETERS, E. Donald, Colonial Iron Works Co., 
17643 St. Clair Ave. 

PRESCOTT, Joseph, Cleveland Electric Illumi- 
nating Co., 75 Public Square. 

PRUTTON, C. F., Case Institute of Technology, 
10900 Euclid Ave. 

RICKSECKER, Ralph E., Chase Brass & Copper 
Co., Inc., 1155 Babbitt Rd. 

SCANLON, D. A., American Steel & Wire Co., 
614 Superior Ave., N. W. 

SEAL, Reed E., Electric Railway Improvement 
Co., 2070 E. 61st Place. 

SPAHR, C. E., Sohio Pipe Line Co., Midland 


Bldg. 

STEFAN, Peter, Alloy Metal Wire Co., Inc., 
460 Rockefeller Bldg. 

STERN, Allan P., The Colonial Iron Works Co., 
17643 St. Clair Ave. 

THORNTON, J. A., Jr., The Cleveland Tool & 
Supply Co., 1427 W. Sixth St. 

VANDAVEER, F. E., The East Ohio Gas Co., 
1405 E. Sixth St. 

VEREEKE, Edwin Wm., Heil Process Equipment 
Corp., 12901 Elmwood Ave. 


Terminal 


WARNER, Clarence J., The Colonial [roy 
Works Co., 17643 St. Clair Ave. 

WEAST, Robert C., Case Institute Technology, 
10900 Euclid Ave. 

WERTZ, Cyril J., The Cleveland Union Ter. 
minals Co., Union Station. 

WILSON, D. W., Arthur G. McKee Co., 230 
Chester Ave. % 


COLUMBUS 


BECK, Franklin H., Ohio State University. 

GEITLER, Gerald S., The Ohio Fuel Gas Co, 
99 N. Front St. 

DE MEY, C. F., Columbia Engineering Corp,, 
99 N. Front St. 

FINK, Frederick w., Battelle Memorial Insti. 
tute, 505 King Ave. 

FONTANA, M. G., Engineering Experiment 
Station, Ohio State University. 

GOW, James T., Battelle Memorial Inst., 505 


King Ave 
HERNDON. L. Kermit, Ohio State University, 
—. Ohio. For mail: 2303 Omandags 


Dri 
KRETSCHMER, William J., Columbia Enginee:. 
ing Corp., 99 N. Front St. 
LINTELMAN, Warren F., Sinclair Refining Co, 
Marion, Ohio. For mail: 2564 Renwond Pi, 
McCULLOUGH, Harold M., Ohio State Univer. 
sity, Engineering Experiment Station. 
PRAY, H. i Battelle Memorial Institute, 505 


King Ave 

RIDDLE, S., Columbia Engineering 
99 N. Front. 

SIMS, Chester T., Battelle Memorial Ins: itute, 
505 King Ave. 

STREIT, Frank H., Columbus & Southern Ohio 
Electric Co., 215 N. Front St. 

WRIGHT, Emerson H., Ohio State University 
Experiment Station. 

ZORKO, Frank Anton V.. Ohio State Univer. 
sity, Columbus, Ohio. For mail: Box 3065, 
University Station. 


CUYAHOGA FALLS 


STOCKHAUSEN, F. H., The U. S. Stoneware 
Co., Akron, Ohio. For mail: 1937 Falls Ave. 


DAYTON 
or ee A., The Duriron Co., Inc., Box 


MICHAEL, Lewis E., A M C Wright Field, 
Dayton, Ohio. For “mail: 31 S. Willow Grove 


Ave. 
STEPHENSON, R. B., Dayton Power & Light 
Co., 25 N. Main St. 


ELYRIA 


MATTHEWS, Norman A., American Brake Shoe 
Alloys Div., Taylor St. & Abbe 
oad, 


FINDLAY 


SLOUGH, Ralph M., The Ohio Oil Co., 539 S. 
Main St. 

SOWARDS, George, The Ohio Oil Co., 
Main St. 


HAMILTON 


SHELEY, John D., The Black-Clawson Co., 
corner Second & Vine Sts. 


LIMA 


MOFFETT, L., Pipe Line Dept., Ohio Oil 
Co., Box 719. 
TAPPY, Kenneth E., Ohio Oil Co., Buckeye Rd. 


LONDON 
ST. CLAIR, John C., Route 2. 


MANSFIELD 


KAUFMAN, L. W., Westinghouse 
Corp., 200 E. Fourth St. 


MARION 


FELDMAN, Karl T., Sinclair Refining Co. 
Prod. Pipe Line, 139 N. State St 


MASSILLON 


RIEGEL, G. M., Republic Steel Corp., Metal- 
lurgical Laboratory. 


MIDDLETOWN 


BEAM, Russell C., Armco Drainage Metal 
Products, Inc. 

HALBIG, John J., Armco Steel Corp. 

Arba H., Armco Steel Corp., 
urtis. 


NEWARK 


HUNTER, Wesley L., Pure Oil Co., Heath Re 
finery. 


PAINESVILLE 


CAMPBELL, C. Langdon, Diamond Alkali Co. 

GREENE, U. T., Diamond Alkali Co.,*Box 699. 

McILRATH, Samuel W., Diamond Alkali Co. 
Fairport, Ohio. For mail: 715 Lucille Ave. 
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OHIO 


TOLEDO 


LAWAY, C. C., Jr., Owens-Corning Fiber- 
as Corp., Nicholas Bldg. 


WATERVILLE 
CAPAUL, R. W., Glass Fibers, Inc. 


YOUNGSTOWN 


FETTERS,. Karl L., The Youngstown Sheet & 
Tube Co., Stambaugh Bldg. 

FLICKINGER, L. C., The Youngstown Sheet & 
Tube Co., Campbell Works. 

MORAIN, Jack F., M-K Construction Co., 853 


W. Indianola Ave. 
REINHARDT, G. A., 
Co. 


Youngstown Sheet & Tube 


OKLAHOMA 


BARTLESVILLE 


BRIGGS, Clay, Empire Pipeline Co. 

BRYAN Lloyd, H. C. Price Co., Box 1111. 

BUFF, F., National Zine Co., Inc. 

AR. S., H. C. Price Co., Box 1111. 

EILER'S, Kenneth, Bureau Mines. 

FLEMING, M. C., Phillips Petroleum Co. 

HOLMBERG, Phillips Petroleum Co. 

HUDDLESTON, Wm. E., Huddleston Engineer- 
ing Co., Box 998. 

HUGO, L. A., Phillips Petroleum Co. 

KINDSV ATER, E. F., Phillips Petroleum Co. 

OWENS, Earl O., 809 Osage Ave. 

PRANGLE, Frederick A., Phillips Petroleum Co. 

TIETZE, I. B., Phillips Petroleum Co. 


CUSHING 


NELSON, Loyd B., Shell Pipe Line Corp., 701 
S. Cleveland St. 


CYRIL 


FRYER. Carl V., Research & Development Div., 
Anderson Prichard Oil Corp. 


ENID 
— RS, Guy S., Champlin Refining Co., Box 


WiLMOTH, E. G., Champlin Refining Co., 110% 
. Randolph, 


GUTHRIE 


BAHAN, Merle W., Guthrie Gas Utilities Co., 
Guthrie, Okla. For mail: Box 814. 


OKLAHOMA CITY 


BAIRD, Geo. H., Cities Service Gas Co., First 
National Bldg. 
CARMICHAEL, Miles, Catholic Servicing Co., 
Oklahoma City, Okla. For mail: Box 3737. 
COURSEY, Ralph W., Oklahoma Gas & Electric 
Co., 321 N. Harvey St. 

GOINS, Vernon D., Tuboscope Company, 2629 
N. W. 37th St. 

KOPP, C. H., Peppers Refining Co., S. E. 12th 
& High Sts. 

LIMA, D. O., Oklahoma Gas & Electric Co., 
Box 1498. 

MEIGS, W. H., Phillips Petroleum Co., Okla- 
homa City, Okla. For mail: 2752 N. W. 21. 

RISELING, T. M., Cathodic Servicing Co., 1024 
N. Olie St. 

WALLACE, William P., Kobe, Inc., 230 S. E. 


29th. 
WALTER, R. B., McRay Products Co., Box 5236. 


PONCA CITY 
DEWEY, Earl K., Jr., Continental Oil Co., Box 


67. 
SECREST, Leslie C., Continental Pipe Line Co. 
ow yep A. C., Continental Oil Co., 1000 
WILSON, Sid W., Wilson Electric Co., Box 588. 


TULSA 


AUDE, T. R., Stanolind Pipe cae Co., Box 591. 
AUSTIN, Raymond A., Southwestern Bell Tele- 
phone Co., 220 S. Owasso. 
AVEY, Dan M., Alox Sales Co., 2547 E. Admiral 
Place, Tulsa, Okla. For mail: Box 1914. 
BALL, James F., Owens-Corning Fiberglas 
Corp., 613-14 Palace Bldg. 

BANZHOF, Ernest E., Perrault Bros., Inc., 1130 
N. Boston St. 

Bo, Crutcher-Rolfs-Cummings, Box 

g 

BARRETT, Jack P., Stanolind Oil & Gas Co., 
ee Lewis St. 

BAUER, F., Jr., Sharples 
2713 E. Second St. 

BEHRENFELD, T. J., Perrault Brothers, Inc., 
1130 N. Boston St. 

BLAIR, John V., Sinclair Prairie Oil Co., Ok- 
lahoma City, Okla. For mail: Albany Hotel. 

Leroy T., Stanolind Oil Gas Co., 
Ox 5 

BOST, Armon H., Midwestern Engine Equip- 
Ment Co., Inc. ., 105 North Boulder. 

BRADY, Hugh A., Gulf Refining Co., First Na- 
tional Bank Bidg. 

BROWN, Vern B., Perrault Brothers, Inc., 1130 


Inc., 
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BRUNER, 
24 N. 

BRUNKOW, Ivan L., Tulsa Pipe Coating Co., 
515 Palace Bldg. 

BULLOCK, Robert L., Interstate Oil Pipe Line 
Co., Box 1349. 

CALLAHAN, Melvin C., Gulf Refining Co., 
Tulsa Pipe Line Div., First National Bank 


Bldg. 
CARDWELL, Paul H., Dowell Inc., 524 Kennedy 


Bldg. 

CLARK, Joseph B., Stanolind Oil & Gas Co., 
Box 591. 

CLARK, Robert E., Natasco Company, Box 1318. 

CLEARY, John W., Perrault Bros., Ine., 1130 
N. Boston St. 

CLONINGER, Fred M., The Texas Pipe Line Co., 
Tulsa, Okla. For mail: 2434 E. Eighth St. 

CLOUD, C. E., Oklahoma Natural Gas Co., 624 
S. Boston Ave. 

te ial Herbert M., Bethlehem Steel Co., Box 

COWLES, James R., Oklahoma Natural Gas Co., 
624 S. Boston St. 

CROWE, Raymond H., Stanolind Pipe Line Co., 


ox 591. 
CURRAN, Michael, M. J. Crose Manufacturing 
Co., Inc., 2715 Dawson Rd. 
DOAK, ead R., Perrault Bros., Inc., 1130 N. 
Boston St. 
— C. J., Perrault Bros., Inc., 1130 N. Bos- 


n St. 
ELDER, John W., John W. Elder Co., Thompson 


ELLISTON, H. H., 
Box 521. 
EWING, Scott P., Research Laboratories, Carter 
Oil Co., Box 801. 
FULTON, Walter B., Interstate Oil Pipe Line 
Co., National Bank of Tulsa Bldg. 
GARDNER, Franklin T., University of Tulsa. 
GIBBON, Anthony, The Oil Weekly, Hunt Bldg. 
GIBBONS, Harry J., Skelly Oil Co., Fourth & 
Boulder St. 
GLANDON, G. O., Midwestern Engine & Equip- 
ment Co., Inc., 105 N. Boulder. 
GLASGOW, Clarence O., National Tank Co., Box 


1710. 
GOOD, Donald Blake, Texas Pipe Line Co., Box 
2 


420. 
GROOM, C. H., Jr., Doweil, Inc., Kennedy Bidg. 
HARRISON, Scott J., Metal Goods Corp., 
Drawer 2519. 
HARSHMAN, J. 


Box 591. 

HIERONYMUS, Frantz M., Barrett Div., Allied 
Chemical & Dye Corp., New York, N. Y. For 
mail: 1829 S. Yorktown. 

HORNE, Albert N., Texas-Empire Pipe Line Co., 
Box 2420. 

HUNTER, J. N., Jr., Stanolind Pipe Line Co., 
Box 591. 

JACKSON, Maynard H., Standard Pipeprotec- 
tion, Inc., St. Louis, "Mo. For mail: 3704 S. 
Troost. 

KASTER, J. W., Oklahoma Natural Gas Co., 
624 S. Boston’ Ave. 

KELLY, R. W., Dearborn Chemical Co., Midco 
Bldg. 

LASTER, Gaines, Tulsa Pipe Coating Co., Palace 


Bld 
LAVERY, C. A., National Tank Co., 


LIGGETT, Ernest J., Johns-Manville Sales Corp., 
Box 2239. 

MAGOON, Fred L., Jr., 
1130 N. Boston St. 

— Harold W., Barnsdall Oil Co., Box 


Max, The Refinery Engineering Co., 
wood. 


Sinclair Prairie Oil Co., 


B., Stanolind Pipe Line Co., 


Drawer 


Perrault Bros., Inc., 


MAUNEY, L. M., Warren Petroleum Corp., Na- 
tional Bank of Tulsa Bldg. 

McGILL, Robert L., Perrault Bros., Inc., 1130 
N. Boston. 

McNULTY, Frank E., Wailes Dove-Hermiston 
Dept., The Koppers Co., Ine., Westfield, N. J. 
For mail: 20 E. Fifth St. 

MENAUL, Paul L., Stanolind Oil & Gas Co., 
Box 591. 

MIMS, Lewis, Petroleum Equipment, Inc., Box 


887. 
MITCHELL, 
Co., 1308 Hunt Bldg. 
MONTGOMERY, C. W., Natasco Co., 2100 S. 
Union. 
MUNNEKE, A. S., Stanolind Pipe Line Co., 
Box 591. 

MURREY., O. E., Midwestern Engine & Equip- 
ment Co., Inc., 105 N. Boulder. 

NICKELL, J. F., Wilcox Oil Co., Box 1440. 

NORBERG, H. A., Nelson Electric Manufactur- 
ing Co., 217 N. Detroit. 

PAGE, Glenn I., Public Service Company of 
Oklahoma, Box 201. 

a Lewis, Perrault Brothers, 1130 N. 
Bosto: 

PYEATT. Jr., Mid-Continent Pipe Line 
Co.. Box 38 

RAWLINS, Joe ., Interstate Oil Pipe Line Co., 
Box 1349. 

RODDY, David F., The Texas Pipe Line Co., Box 


2420. 

SECREST, William F., Barrett Div., Allied 
Chemical & Dye Corp., 403 S. Indianapolis St. 

SHACKELFORD, Robert E., Perrault Brothers, 
1130 N. Boston. 

SIDWELL, Carroll V., Sidwell Engineering Co., 
Box 4037. 

SIDWELL, Harold Joseph, Union Tank & Sup- 
ply Co., Petroleum Bldg. 


Marvin G., Chicago Bridge & Iron 


PENNSYLVANIA 
SITTEL, V. J., Stanolind Pipe Line Co., Box 


591. 

SMITH, Rex L., Skelly Oil Co., Box 1650. 

STILGENBAUER, Ned T., T. D. Williamson, 
Inc., 2733 E. Latimer. 


STIRLING, J. C., Stanolind Pipe Line Co., Box 


591. 

STIVERS, F. A., The Texas-Empire Pipe Line 
Co., Box 2420. 

TEXTER, H. G., Spang-Chalfant Div., National 
Supply Co., National Bank of Tulsa Bldg. 

ee Y. W., Dowell, Inc., Kennedy 


WHEELER, Roger M., came Protection Serv- 
ice, 1524 E. 36th S 

WHITESIDE, F. C., 5. Oil Pipe Line Co., 
Box 1349. 

WILLIAMSON, T. D., T. D. Williamson, Inc., 
Tulsa, Okla. For mail: Box 4038. 

WILLIAMSON, T. D., Jr., T. D. Williamson, 
Ine., Tulsa, Okla. For mail: Box 4038. 

YATES, J. P., Jr., The Refinery Engineering 
Co., Box 1977. 


OREGON 
EUGENE 


VAN RYSSELBERGHE, Pierre, University of 
Oregon. 


PORTLAND 


DeWEESE, R. W., Electric Steel Foundry, 2141 
N. W. 25th Ave. 


PENNSYLVANIA 
ALLENTOWN 


HATFIELD, Homer F., Pennsylvania Power & 
Light Co., Ninth & Hamilton Sts. 


ALIQUIPPA 


THOMAS, Paul D., 
Corp. 


AMBRIDGE 
STORY, E. B., A. M. Byers Co., Duss Ave. 


BALA-CYNWYD 


SMITH, A. V., 
Lane. 


BETHLEHEM 


BECK, Walter, Lehigh University. 

BERG, O. E., Bethlehem Steel Co., Bethlehem, 
Penna. For mail: 72 E. Church St. 

FRYE, Seymour Charles, Bethlehem Steel Co., 
701 E. Third St. 

B., Bethlehem Steel Co., 701 


E. 
STREICHER, Michael A., 221 Summit St. 


BLAWNOX 


O’BRIEN, Harold C., Jr., Royston Laboratories, 
Inc., First St. 

ROYSTON, W. A., Jr., 
Ine., First St. 


BRACKENRIDGE 
KIEFER, George C., Allegheny Ludlum Steel 


orp. 
William G., Allegheny Ludlum Steel 
orp. 


BRADFORD 


MARX, Paul F., Dresser Manufacturing Division, 
41 Fisher Ave. 

SZEKELY, George E., Dresser Manufacturing 
Div., 41 Fisher Ave. 


BRIDGEVILLE 


MERRILL, Timothy W., Vanadium Corporation 
of America. 


Jones & Laughlin Steel 


Consulting Engineer, 370 Trevor 


Royston Laboratories, 


COATESVILLE 


JOHNSTON, Glenn E., Lukens Steel Co. 
POWERS, William J., Lukens Steel Co. 
WILLIAMS, Leonard W., Lukens Steel Co. ° 
WYCHE, Ernest H., Lukens Steel Co. 


CONSHOHOCKEN 

HARING, Walter J., Quaker Chemical Products 
Corp. 

DREXEL HILL 

FOX, BR. W., 
Ave. 

EAST PITTSBURGH 


CAMP, Eldridge K., Westinghouse Electric Corp., 
Research Laboratories. 

KROPF, Victor J., Westinghouse Electric Corp., 
700 Braddock Ave. 


EDGEWORTH SEWICKLEY 


HAMMOND, Milton B., Standard Steel Spring 
Co., Coraopolis, Penna. For mail: 317 
Meadow Lane. 


Consulting Engineer, 935 Drexel 


& Metal 4 
ali Co. 
yx 699. 
cali Co., 
e Ave. 


PENNSYLVANIA 


GLASSPORT 
JENSEN, Claude H., 


GREENSBURG 
CURRAN, James J., Walworth Co., Huff Ave. 


HARRISBURG 


ILES, John T., The Bell Telephone Company of 
Pennsylvania, 210 Pine St. 


HATBORO 
BALKE, Claire C., Roberts & Mander Corp. 


Copperweld Steel Co. 


HOLMES 
RICHARD, Charles 


HOLTWOOD 


SHERER, Clayton M., Pennsylvania Water & 
Power Co. 


JENKINTOWN 
SOSNIN, A., 234 Wyncote Rd. 


JOHNSTOWN 


LINDSAY, Joseph E., National Radiator Co., 
Johnstown, Penna. For mail: 25 Harding St. 


LANCASTER 
ALLEN, J. E., Pennsylvania Water & Power 


Box 229. 


Co., National Bank Bldg. 

LANSDOWNE 

HUR, J. James, Atlantic Refining Co., Phila- 
delphia, Penna. For mail: 193 W. Albemarle 
Ave. 

LEBANON 


PLATZ, E. H., Jr., Lebanon Steel Foundry, First 
Ave. & Lehman St. 


MARCUS HOOK 


BAGSAR, A. B., Sun Oil Company. 
URIAN, James H., Sun Oil Company, Marcus 
Hook Refinery. 


McKEESPORT 

COUY, C. J., Duquesne Light Co., 139 Atlantic 
Ave. 

NEW KENSINGTON 

BINGER, Wayne W., Research Laboratories, 


Aluminum Company of America. 
, R. H., Aluminum Company of Amer- 


ica, 

ENGLISH, Gyme C., Aluminum Research Lab., 
Aluminum Company of America, Box 772. 

McKEE, Arvil B., Aluminum Research Labo- 
ratories, Freeport Rd. 

REID, Keith K., Aluminum Company of America. 

VERINK, Ellis D., Jr., Aluminum Company of 
America, Box 1012. 


NEWTON SQUARE 


PEARSON, J. M., Sun Oil Co., 
search & Development Laboratory, 
Hollow Rd. 


NORRISTOWN 


ZVARICK, Albert J., Superior Tube Co., Box 
191. 


NORWOOD 


WEST, Lewis 
Corp. For mail: 


Physical Re- 
Bishop 


H., Texas Eastern Transmission 
221 Urban Ave. 


PALMERTON 


ANDERSON, Edmund Arnold, The New Jersey 
Zine Company of Pennsylvania. 
NELSON, Harley A., The New Jersey Zinc Co, 


PHILADELPHIA 


ANDERSEN, H. Bruce, The Philadelphia Gas 
Works Co., 1800 N. Ninth St. 

BORST, G. E., Chicago Bridge & Iron Co., 1700 
Walnut St. 
BRIGGS, W. R., W. A. 
3303 Richmond St. 
BUEHLER, Martin J. H., American Telephone 
& Telegraph Co., Bourse Bldg. 

CARLSON, Eric G., Bell Telephone Company of 
Pennsylvania, 1835 Arch St. 

COLEMAN, W. B., W. B. Coleman Co., Phila- 
delphia, Penna. For mail: 6635 McCallum St. 

CONNON, William D., Bell Telephone Company 
of Pennsylvania, 1401 Arch St. 

CURLL, Vincent A., Pennsylvania Salt Manu- 
facturing Co., 1000 Widener Bldg. 

DEICHLER, J. K., Mechanical Inspection Dept., 
The Atlantic Refining Co., 3144 Passyunk 


Ave. 

DEWAR, William, Ralph V. Rulon, Inc., 3900 
N. Second St. 

DONNELLY, Joseph B., Dept. of City Transit, 
City of Philadelphia, 1320 City Hall Annex. 

ENGLISH, E. Rowland, H. C. Price Co., Box 
6120. 


Briggs Bitumen Co., 
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FARBER, J. D., Briggs Bituminous Composition 
Co., 1347-538 E. Montgomery Ave. 

FOLEY, Francis B., The Midvale Co., Nicetown. 

GODSHALK, James B., Fox Products Co., 4720 
N. Eighteenth St. 

GRADER, K. W., Metalweld, Inc., 26th & Hunt- 
ing Park Ave. 

HADLEY, Raymond F., Susquehanna Pipe Line 
Co., 1608 Walnut St. 

HAMILTON, Hugh L., Keystone Pipe Line Co., 
260 S. Broad St. 

HESS, Albert W., Reynolds Metals Co., 1600 


Arch St. 
HORT, Percy, The Keystone Pipe Line Co., 260 


. Broad. 

JEDNACZ, John E., Susquehanna Pipe Line Co., 
1608 Walnut St. 

JONES, Charles C., Philadelphia Gas Works Co., 
1800 N. Ninth St. 

KAHLER, H. Lewis, W. H. & L. D. Betz, 
Gillingham & Worth Sts. 

KAHN, Frank, Philadelphia Electric Co., 2301 
Market St. 

KELLER, Richard M., Keystone Pipe Line Co. 
For mail: 5368 Magnolia Ave. 

LAMOND, John K., The Bell Telephone Com- 
pany of Pennsylvania, 1401 Arch St. 

LYNCH, Robert H., Keystone Pipe Line Co., 
260 S. Broad St. 

McCONOMY, Henry F., The Atlantic Refining 
Co., 3144 Passyunk Ave. 

MILLER, Carl F., Jr., Susquehanna Pipe Line 
Co., 1608 Walnut St. 
MUSCHENHEIM, Harry, Jr., 

Line 1608 Walnut St. 
OTT, Robert J., The Philadelphia Gas Works 
Co., 5150 N. Sixth St. 
PETERS, Ralph C., Sun Oil Co., 1608 Walnut St. 
PHELPS, H. S., Philadelphia Electric Co., 2301 


Market St. 

PIETRZAK, Aloysius J.. Rohm & Haas Co., 
5000 Richmond St. 

SCHAUERS, Joseph A., Keystone Pipe Line Co., 
260 S. Broad. 

SHEEN, Robert T., Milton Roy Pumps, 1300 E. 
Mermaid Ave. 

SILL, George H., The Bird-Archer Co., 4337 N. 
American St. 

SPENCER, S. F., Keystone Shipping Co., 1015 
Chestnut St. 

STOERTZ, Howard, Electric Storage Battery 
Co., 19th St. & Allegheny Ave. 

TURNER, C. D., Koppers Co., 401 N. 
Broad St. 

VAN DE WATER, Donald F., Susquehanna Pipe 
Line Co., 1608 Walnut St. 

WELKER, John W., Milton Roy Pumps, 1300 E. 
Mermaid Ave. 


YOUNG, Frank A., Susquehanna Pipe Line Co., 
1608 Walnut St. 


PITTSBURGH 


ALEXANDER, Thomas W., Jr., Bell Telephone 
Company of Pennsylvania, 416 Seventh Ave. 

BIALOSKY, Jerome M., Carnegie-Illinois Steel 
Corp., 210 Semple St. 

BRAUN, F. C., Gulf Oil Corp., Gulf Bldg. 

BUCK, D. C., Carnegie-Illinois Steel Corp., 434 
Fifth Ave. 

COE, Russell H., Pittsburgh Coke & Chemical 
Co., Grant Bldg. 

COSTANZO, Frank E., Manufacturers Light & 
Heat Co., Union Trust Bldg. 

COX, Edwin S., Bell Telephone Company of 
Pennsylvania, 416 Seventh Ave. 

ERICKSON, C. A., Jr., The Peoples Natural Gas 
Co., 545 William Penn Place. 

FAIR, W. F., Jr., Mellon Institute, Fifth Ave. 

GHEN, Melville W., Duquesne Light Co., 435 
Sixth Ave. 

HECHT, Max, Consultant, 5835 Alderson St. 

HEGER, J. J., Carnegie-Illinois Steel Corp., 714 
Frick Bidg. 

HOPPER, Edward W., Crucible Steel Company 
of America, Oliver Bldg. 

KEANEY, J. C., Industrial Metal Protectives, 
Inc., 540 Landsdale Place. 

KENDALL, Verner V., National Tube Co., Box 


266. 

KENNEDY, Harvey T., Gulf Research & Devel- 
opment Co., Box 2038. 

KOPETZ. Geo. E., Chemical Plants Div., Blaw- 
Knox Construction Co. ., Box 778. 

LAWLOR, E. W., Pittsburgh Coke & Chemical 


Susquehanna Pipe 


Inc., 


Co., Neville Island. 

W., Byers Co., Clark 
3idg. 

MATHESON, E. E., Nordstrom Valve Div., 


Rockwell Manufacturing Co., 400 N. Lexing- 
ton Ave. 

MEARS, Robert B., Carnegie-Illinois Steel Corp., 
Research Laboratory, 210 Semple St 

sey Paul S., Jr., A. M. Byers Co., Clark 
Bide. 

PEIFER, Norman P., Manufacturers Light & 
Heat Co., Union Trust Bldg. 

POGACAR, C. F., Mellon Institute of Industrial 
Research, University of Pittsburgh. 

ao: hae H. R., National Tube Co., Frick 
31d 

REDMAN, Franklin T., Hall Laboratories, 323 
Fourth Ave 

RIMBACH, Richard, Consulting Engineer, 1117 
Wolfendale St. 

ROMIG, O. E., Carnegie-Illinois Steel Corp., 324 
Atwood St. 

RUTTER, Charles M., Jr., Equitable Gas Co., 
553 Seventh Ave. 


TEXAS 


SEAGREN, G. W., Mellon Institute of Indus. 
trial Research, University of Pittsburgh. 
SHIDELER, T., Pittsburgh Coke 
Co., McKees Rocks. 

SPELLER, Frank N., Consulting Engineer, 641) 
Darlington Rd. 

STEARNS, P., 
pers Bldg. 

STROMQUIST, Russell C., Koppers Co., 
Chamber of Commerce Bldg. 

SWENSSON, Stuart J., American Hot Dip Gal. 
vanizers Association, Inc., First Nationa} 
Bank Bldg. 

VAURIO, W., Steel Corp, 
210 Semple St. 

WESCOTT, Blaine B., Gulf Research Develop. 
ment Co., Drawer 2038. 

WOOFTER, Robert A., Jones & Laughlin Stee} 
Corp., 40 Longworth St. 

YOUNG, George H., Mellon Institute of Indus. 
trial Research, 4400 Fifth Ave. 

PORT ALLEGANY 


ISHERWOOD, J. H., North Penn Gas Co., 76-8) 
Mill St. 


READING 


HECK, Stanley M., The Carpenter Steel Co, 
101 W. Bern. 


STATE COLLEGE 


READ, Harold J., Pennsylvania State Colleve. 
TRACEY, Edward J. J., Jr., Pennsylvania State 
College, University Club. 


Koppers Company, Inc., Kop. 


Ine., 


SWISSVALE 

GUTHRIE, John M., Union Switch & Signal 
Co., 1789-1807 Braddock Ave. 

UWCHLAND 

RINGER, a Texas Eastern Transmission 
Corp., Box 4 


TEFANKJIAN, “D. A., Texas Eastern Trans- 
mission Corp., Box 4. 

VANDERGRIFT 

LARRABEE, C. P., Corrosion Research Lab,, 
Carnegie-Illinois Steel Corp. 

VILLANOVA 

NELSON, T. Holland, T. H. Nelson Research 
Laboratories. 

WILKES-BARRE 


EVANS, Rulison, Scranton-Spring Brook Water 
Service Co., 30 N. Franklin St. 


SOUTH DAKOTA 


ELK POINT 


LUTJENS, Fred H., South Dakota Public Serv- 
ice Co., Box 496. 


TENNESSEE 


CHATTANOOGA 


DERRICK, H. R., Chattanooga Gas Co., 811-13 
Broad St. 


KINGSPORT 


GERNERT, Marvin 
Corp. 


MEMPHIS 


JAMES, H. E., Mississippi Power & Light Co., 
88 N. Main St. 

MOEHRL, Kenneth E., Layne & Bowler, Inc., 
Box 215, Hollywood Station. 

RILEY, W. A., Dixie Tank & Bridge Co., 
3523 Lamar Ave. 

STULL, Fred D., Memphis Natural Gas Co., 
Sterick Bldg. 


NASHVILLE 


WRAY, T. Cecil, Nashville Gas & Heating Co., 
800 Church St. 


OAK RIDGE 


ENGLISH, James L., Oak Ridge National Lab- 
oratory, Oak Ridge, Tenn. For mail: 230 
Vermont Ave. 

McLAREN, James, Carbide & Carbon Chemical 
Corp., 108 Norman Lane. 


L., Tennessee Eastman 


Ine., 


TEXAS 
ABILENE 


MEEK, J. Gordon, 
Cypress St. 


AMARILLO 


CLIFTON, W. M., Canadian River Gas Co. 
Box -951. 

COX, A. F., Amarillo Oil Co., 301 Taylor St. 

LONG, Dan P., The Shararock Oil & Gas Corp. 
Box 631. 

ROBERTS, L. J., Southwestern Public Service, 
Box 1261. 
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TEXAS 


AUSTIN 


CUNNINGHAM, Wm. A., University of Texas, 
Chemical Engineering Bldg. 

HACKERMAN, Norman, Department of Chem- 
istry, University of Texas. 

JESSEN, Frank W., Consulting Engineers, 1706 
Westover Rd. 

SHOCK, D. A., Natural Gasoline Association of 
America, University of Texas. 


ULLRICH, A. H., City of Austin, Water Dept., 


ZINSER, A. L., Zinser Chemical Engineering 


Co., Route 4, Box 231. 


BAYTOWN 
CAMP, E. Q., Humble Oil & Refining Co., Box 


538. 

COMEAUX, Roy V., Humble Oil Refining 
Co., 2206 Louisiana St. 

HAAS, D. Marshall, Humble Oil & Refining Co., 
Box 3455. 

HARTMAN, H. F., Humble Oil & Refining Co., 
Box 3292. 

PHILLIPS, Cecil, Jr., Humble Oil & Refining 
Co., Baytown Refinery, Box 536. 


BEAUMONT 


BAKER. Jesse J., Magnolia Petroleum Co., 
Beaumont, Texas. For mail, 2360 Ave. A. 

ECKLES, W. W., Gulf States Utilities Co. 

KNIGH', C. A., Magnolia Petroleum Co., Box 


3311. 

LASTRAPES, Richard L., Refining Division, 
Magnolia Petroleum Co., Box 3311. 

MYERS, G. Frank, G. Frank Myers Co., Box 


868. 


STEWART, W. H., Sun Pipe Line Co., Sun Oil 
Co., San Jacinto Bldg. 

WRIGHT, Nathan E., Magnolia Petroleum Co., 
Beaumont, Texas. For mail: 3165 Roberts 
Ave. 

BEEVILLE 

FARMER, C. E., Union Producing Co. 


BELLAIRE 
EDWARDS, W. H., The Texas Company, Rice 


Ave. 
MORRIS, W. Dixon, Corrosion Control Service 
Co., 5324 Brae Burn Drive. 


BIG SPRING 


THOMPSON, R. W., Cosden Petroleum Corp., 
Box 1311. 


BISHOP 


LEVINSON, Irving S., Celanese Corp. of Amer- 
ica, Box 148. 


BRENHAM 


CUSHMAN, George A., Municipal 
Power System. 


BROWNSVILLE 


IRWIN, C. A., Rio Grande Valley Gas Co., Fifth 
& Elizabeth. 


CARRIZO SPRINGS 
SWEET, L., Cathodic Rustproofing Co. 


CARTHAGE 


STANTON, W. L., Carthage Field Engineering 
Committee, Box 312. 


COLORADO CITY 


KELLER, Ralph W., Shell Pipe Line Corp., 
Box 1191. 
LAIN, Albert Eugene, Shell Pipe Line Corp. 
ee Harold B., Shell Pipe Line Corp., Box 
91. 


Light & 


CORPUS CHRISTI 


CAMPBELL, John G., Analytical & Consulting 
Chemist, 422 N. Lower Broadway. 

— K. C., Stratton Pipe Line Corp., Box 

GROSS, Lewis, Taylor Refining Co., Box 778. 

Gustave, Southern Alkali Corp., 
Ox 

bao B. F., Central Power & Light Co., Box 


21. 

LEDBETTER, Buford P., Gas Dept., City of 
Corpus Christi, Box 111. 

A., Power Light Co., 
ox 2 2 

MOFFATT, Thomas S., Jr., Sduthern Alkali 

Lawrence Drive. 

O'NEILL, A., Central Power Light Co., 
120 N. Chaparral. 

P., Jr., Southern Minerals Corp., 
ox 716. 

John R., Southern Alkali Corp., 
Ox 1341, 

POLLOCK, Bill, Southern Pipe Line Corp., 411 
N. Broadway. 

RANKIN, L., Republic Pipe Line Co., 

Fred C., Pipe Line Service Corp., Box 
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RICHARDS, S. L., Jr., Rosson-Richards Co., 
Box 908. 

ROSSON, J. H., Jr., Rosson-Richards Co., Box 
08 


908. 

SHOBE, E. H., Southern Pipe Line Corp., 411 
N. Broadway. 

STEPHENSON, G. W., Southwestern Oil & 
Refining Co., Box 1147. 

STOKES, R. A., R. A. Stokes, Inc., Wilson Bldg. 

WILBANKS, Hugh, Jr., Gas Dept., City of Cor- 
pus Christi, Box 111. 


DALLAS 

BACON, Thomas S., Lone Star Producing Co., 
1915 Wood St. 

BEESLEY, Glyn W., Dallas Power & Light Co., 
1506 Commerce St. 

BILHARTZ, H. L., Atlantic Refining Co., Box 
2819. 


BOCK, Morris, Sun Oil Co., 1369 N. Zangs. 

BOOK, C. C., Republic Natural Gas Co., 1505 
Federal St. 

CHESNUTT, N. P., Southern Union Gas Co., 
1104 Burt Bldg. 

CONNELL, MRS. R. W., Chemical Engineering 
Co., Box 1076. 

ELLIOTT, Robert D., Dallas Power & Light 
Co., 1506 Commerce St. 

FOSTER, J. L., Lone Star Gas Co., Dallas, 
Texas. For mail: 1915 Wood St. 

FRASCH, H. H., National Carbon Co., Inc., 
Wilson Bldg. 

HALTOM, J. Myrl, Dearborn Chemical Co. For 
mail: 2651 Burlington. 

HARBER, Thomas W., Celanese Plastic Corp., 
Dallas, Texas. For mail: 1225 N. Winnetka 
Ave. 

HUGHES, H. D., American Cast Iron Pipe Co., 


Box 331. 
KOEPKE, Boyd F., Aluminum Company of 
America, Petroleum Chemical Div., Thomas 


Bldg. 

KRELL, Abraham J., The Layne-Texas Co., 
Ltd., 6419 Maple Ave. 

LEVY, David Henry, Magnolia Pipe Line Co., 
Box 900. 

McCARTHY, Robert A., Hill Hubbell & Co. 
Div. General Paint Corp., Cleveland, Ohio. 
For mail: 6246 Woodland Drive. 

McMULLIN, H. L., The Texas & Pacific Rail- 
way Co., Texas & Pacific Bldg. 

MINTON, John P., Field Research Dept., Mag- 
nolia Petroleum Co., Box 900. 

MOIR, B. E., Atlantic Refining Co., Philadel- 
phia, Penna. For mail: The Atlantic Refin- 
ing Co., Producing Division, Box 2819. 

NEAL, James L., Owens-Corning Fiberglas 
Corp., Tower Petroleum Bldg. 

NORTON, Harry A., Western Union Telegraph 
Co., 2030 Main St. 

O'MARA, Fred B., National Carbon Co., Inc., 
1621 Main St. 

POLLARD, T. A., Magnolia Petroleum Co., 
Box 900. 

POOL, John L., Magnolia Pipe Line Co., Box 


900. 
READING, Robert E., Lone Star Gas Co., 1915 
ood St. 
REID, J. C., Southern Union Gas Co., 1104 


q 
SIMS, C. I., Box 761. 
STARBIRD, L. C., Southwestern Bell Telephone 
Co., 308 S. Akard St. 
STATHAM, Tom R., Magnolia Pipe Line Co., 
Box 900. 


THOMPSON, Van, Southern Union Gas Co., 
1104 Burt Bldg. 


TURBEVILLE, Louis R., Consolidated Sales 
Agency, 2509 Commerce St. 

UBBEN, James E., Emsco Derrick & Equipment 
Co., 7626 Denton Drive. 

WAHLQUIST, K. D., 6281 Revere Place. 

WILLIAMSON, Theodore, Atlantic Pipe Line 
Co., Box 2819. 

YOUNG, C. A., American Petroleum Institute, 


Continental Bldg. 


DENVER CITY 
CANNON, Curtis W., Frontier Chemical Co., 
Box 578. 


EDNA 
HOLLOWAY, J. A., Houston Pipe Line Co., 
Box 127. 


PASO 


AXELSON, G. R., Pasotex Pipe Line Co., Stand- 
ard Oil Refinery, Box 1022. 

EMERSON, Richard J., El Paso Natural Gas 
Co., Bassett Tower Bldg. 

PERKINS, C. L., El Paso Natural Gas Co., 1010 
Bassett Tower. 

WAINMAN, L. G., El Paso Natural Gas Co., 
Box 1492. 


FORT BLISS 

WAGNER, Carl, Ordnance Research & Develop- 
ment Division, Suboffice Rocket. 

FORT SAM HOUSTON 

COONS, Ansel L., Hq. 4th Army Engineer Sec- 
tion. 

FORT WORTH 


CLAY, James A., Jr., Service Engineers, Inc., 
First National Bank Bldg. 


TEXAS 


COLE, Ralph R., Allied Engineers, Inc., Ft. 
Worth National Bank Bldg. 

COLE, Robert M., Plastic Engineering & Sales 
Corp., Box 1037. 

CORDELL, P. M., Texas Electric Service Co., 
Box 970. 

DAVIS, Jas. A., Empire Southern Gas Co., T. 
& P. Bidg. 

DEBENPORT, H. R., Foshee Electric Co., 207 
5. Main St. 

GOODRICH, C. R., 100 Penn St. 

HARBISON, Dixon T., Harbison-Fischer Man- 
ufacturing Co., 2501 Virginia St. 

HESS, Fred E., Fred E. Hess, Inc., Ft. Worth 
National Bank Bldg. 

HIGGINS, J. D., Jr., J. D. Higgins Co., Neil P. 
Anderson Bldg. 

JOHNSON, Gerald M., Sinclair Refining Co., 
Pipe Line Dept., Fair Bldg. 

a: John R., Sinclair Refining Co., Fair 

MARTIN, Paschal, The Pure Oil Co., Box 2107. 

McKEE, Donald E., City of Fort Worth Engi- 
neering Department. 

NEVILL, Richard A., Lone Star Gas Co., 908 
Monroe. 

O’BRIEN, Jack D., Oil Well Supply Co., Fair 


Bldg. 

SIMPSON, N. H., Consolidated Vultee Aircraft 
Corp., Grants Lane. 

SMITH, O. R., Smith Contracting Corp., Fort 
Worth National Bank Bldg. 


FREEPORT 


AXELRAD, B. A., Freeport Sulphur Co. 

FISHER, B. M., Freeport Sulphur Co. 

HART, Porter, The Dow Chemical Co., 1410 W. 
Fourth St. 

OSBORN, Oliver, Dow Chemical Co. 

SHIGLEY, C. M., Dow Chemical Co. 

VOLKENING, V. B., Dow Chemical Co. 

WORKS, George A., Jr., Dow Chemical Co. 


GALENA PARK 


CORNETT, W. J., United Gas Pipe Line Co., 
Box 6. 


GALVESTON 


NICHOLLS, P. E., Texas Public Service Co., 
910 25th St. 


HOUSTON 
— H. H., Shell Pipe Line Corp., Shell 


Bldg. 

ARNOLDY, R. F., Texas Alloy Products Co., 
2110 Quitman. 

BAGENSTOSE, Abner H., Jr., Insul-Mastie Cor- 
poration of America, 516 W. 23rd St. 

BAKKE, O. M., Houston Laboratories, 1206% 
Preston Ave., Houston, Texas. For mail: Box 


132. 
BARROW, D. N., Delta Engineering Corp., Box 


6523. 

BATTLE, Jack L., Humble Oil & Refining Co., 
Box 2180. 

BELL, S. J., American Petroleum Co., Petro- 
leum Bldg. 

BENDER, R. B., Tennessee Gas Transmission 
Co. For mail: 634 W. Temple. 

BLANCHARD, C. A., Houston 
Corp., Petroleum Bldg. 

BOND, Donald H., The Texas Pipe Line Co., 
Texas Co. Bldg. 

BRANNON, R. A., Humble 
Drawer 2220. 

BRENDEL. Robert O., The Crane Co., 2204 
Pease Ave. 

BRESHEARS, F. S., Great Southern Supply 
Co., Inc., 2120 S. Wayside Drive. 

BREWER, T. J., Humble Oil & Refining Co., 
Humble Bldg. 

BROWN, Charles D., Aluminum Company of 
America, 1806 Commerce Bldg. 

BROYLES, Wayne E., Brance-Krachy Co., Inc.. 
Box 1724. 

BUCHAN, Rudolph C., Humble Oil & Refining 
Co., Box 2180. 

CALDWELL, Joseph A., Humble Oil & Refining 
Co., Box 2180. 

CAMPBELL, A. B., National Association of 
Corrosion Engineers, Southern Standard Bldg. 

CARMOUCHE, H. D., Houston Pipe Line Co., 
Petroleum Bldg. 

CARROLL, G. O., Tube-Kote, Inc., Box 8123. 

CAVENAGH, Frank, National Rust Proofing 
Co., 1717 Blodgett. 

CLARK, Hezzie, Humble Pipe Line Co., 1216 
Main St. 

COATES, Chas., Tennessee Gas Transmission 
Co., Box 2511. 

DAVIS, Charles T., Barrett Div., Allied Chemi- 
cal & Dye Corp. For mail: 1621 Missouri. 
DAWSON, R. A. J., Houston Equipment Co., 

Inc., 2319 Keene St. 

DAY, Stephen D., Pipe Line Service Corp., 
Houston, Texas. For mail: 2124 Looscan 
Lane. 

DE ROUEN, H. A., M. J. Crose Manufacturing 
Co., Inc., 437 M. & M. Bldg. 

DOREMUS, E. P., Cathodic Protection Service, 
1801 Bissonnet. 

DOREMUS, Gordon L., Cathodic Protection Serv- 
ice, 1801 Bissonnet. 

DRAGICS, Earl V., Owens-Corning Fiberglas 
Corp., M & M Bldg. 

ENGEMOEN, R. J., C. Harold Corrosion Co., 
Box 644. 


Natural Gas 


Pipe Line Co., 


| 

rp., 


TEXAS 


FANETT, H. M., United Gas Corp., Box 2628. 

FISCHER, Crown Central Petroleum 
Corp., Box 175 

FLANAGAN, J. United Gas Corp., Box 2628. 

FOLSE, J. B., Great Southern Supply Co., Inc., 
2120 S. Wayside Drive. 

FORBES, A. L., Jr., Associated Contractors & 
Engineers, Box 2163 

FRANK, Marion E., Tennessee Gas Transmis- 
sion Co., Box 2511. 

FRIEDRICHS, C. C., Wallace & Tiernan Co., 
2415 San Jacinto St. 

GAYLE, ae Jr., Haveg Corp., 4601 Mont- 
rose 

GREBE, H. A., Cathodic Protection Service, 1801 
Bissonnet. 

= Harris T., Metal Goods Corp., 16 Dren- 


GRIBBLE, G., Jr., Metal Goods Corp., 
711 i 
Dean O., Shell Pipe Line Corp., 


GRIFFITH. “7, E., Tide Water Associated Oil 
Co., Box 1404. 

GUINN, F., Tidal Pipe Line Co., Box 1404. 

HAAS, Charles A., Wyatt Metal & Boiler Works, 


Box 3052. 
The Fish Engineering Corp., 754 
HAMILTON, ae G., Shell Oil Co., Houston 


Refinery, Box 2527. 

HARRIS, Jack W., Cameron Iron Works, Inc., 
Box 1212. 

HARTWICK, Otto J., Pittsburgh Plate Glass 
Co., Paint Div., Box 2555. 

Lawrence E., Tube-Kote, Inc., 


8123. 
HINKLE, Geo. S., Jr., General Manufacturing 
Co., 1616 Maury St. 
HODSON, Fred W., Johns-Manville Sales Corp., 
2212 Polk. 
HOLM, Emil G., Tube-Kote, Inc., Box 8123. 
HOLSTEYN, Derk, Shell Oil Co., Inc., Box 2527. 
HOPKINS, W. H., Tuboscope Co., Commerce 


Bldg. 

HUGHES, E., Jr., Midwestern Engine 
Equipment Co., Tulsa, Okla. For mail: 5030 
Arvilla Lane. 

INGELS, G. R., Cook Heat Treating Company 
of Texas, 6233 Navigation Blvd. 

IRVINE, G. O., American Petroleum Co., Pe- 
troleum Bldg. 

JAMES, Jay R., The Dow Chemical Co., 2205 
Commerce Bldg. 

JENKINS, Clark L., Goodyear Tire Rubber 
Co., Inc., 411 N. Main St. 

JOHNSON, Wayne A., The Texas Pipe Line 
Co., Texas Co. Bldg. 

JOPLIN, J. L., Buda Engine & Equipment Co., 
6614 Harrisburg Blvd. 

JUDAH, Melvin A., National Association of 
Corrosion Engineers, Southern Standard Bldg. 

KELLEY, V. A., Bethlehem Steel Co., Box 2966. 

KELLY, Thomas F. P., James E. Mavor Co., 
Houston, Texas. For mail: 3511 Coronado Ct. 

KIMBRO, A. M., South Texas Equipment Co., 
2030 North Blvd. 

KING, Glenn W., Cochran Equipment Co., 
200 Portwood. 

LEONARDON, Eugene Gilbert, 
Well Surveying Corp., Box 2175. 

LINGLE, Robert J., James E. Mavor Co., M & 

LOEFFLER, John Edward, Thornhill Craver Co., 
Box 1184. 

LOMAX, O. Q., Humble Pipe Line Co., 1216 
Main St. 

LUGER, Karl E., K. E. Luger Co., 3618 Wash- 
ington Ave. 

MAVOR, James E., James E. Mavor Co., M & 
Bidg. 

MAYES, H. B., Mayes Bros., Inc., 1150 McCarty 


Ave. 

McCLUGHAN, Joseph, Converted Rice, 5610 
Clinton Drive. 

McMILLAN, William A., Jr., Kuhn Paint Co. 
For mail: 1929 Jean St. 

McNEESE, C. L., Houston Lighting & Power 
Co., Electric Bldg. 

McRAE, James A., Minnesota Mining & Manu- 
facturing Co., Detroit, Mich. For mail: 8149 
Bonner Drive. 

MEANS, Ben H., Pittsburgh Coke & Chemical 
Corp., Pittsburgh, Penna. For mail: 4111 
Marlowe. 

MENDIVE, Anthony J., Non-Corrosive Products 
Company of Texas, Box 7632. 
MERCER, C. L., Engineering Dept., 

ern Bell Telephone Co. 

MILLER, Paul Thomas, The Texas Pipe Line 
Co., Texas Co. Bldg 

MITCHELL, E, B., Shell Pipe Line Corp., Box 


MORAN, W. T., Moran Utilities Co., Esperson 


MORGAN, C. L., United Gas Corp., Box 2628. 

MOSELEY, E. i South Chester Tube Co., Es- 
person Bldg. 

MUDD, O. C., Shell Pipe Line Corp., Shell Bldg. 

NASCHKE, John H., Humble Oil & Refining 
Co., 1216 Main St. 

NEE, John W., Napko Paint & Varnish Works, 
406 N. 79th St. 

ee’ C. R., The National Supply Co., 
261 


NELSON, F. M., Texas Gulf Sulphur Co., Second 
National Bank Bldg. 

NELSON, Otis A., Houston Lighting & Power 
So., 1016 Walker. 


Box 


Inc., 


Schlumberger 


Southwest- 


Box 
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NEWPORT, John J., Wyatt Metal & Boiler Co., 
Houston, Texas. For mail: 2619 Prospect. 

NOSER, W. P., Humble Pipe Line Co. 

ODELL, L. B., James Bute Co., Box 1779. 

ORR, C. M., Chicago Bridge & Iron Co., Na- 
tional Standard Bldg. 

OSBURN, E. R., Texas-New Mexico Pipe Line 
Co., 720 San Jacinto St. 

PAPE, W. Howard, Jarecki Manufacturing Co., 
Box 1910. 

PARKER, Marshall E., Jr., Cathodic Protection 
Service, Houston, Texas. For mail: 2023 Jean, 

PARR, MacGregor A., Parkerizing Inc. of Texas, 
2930 Commerce St. 

PECORE, Albert E., Humble Pipe Line Co. 

PENNINGTON, J. V., Southwest Research In- 
stitute, Oil and Gas Bldg. 

PRICE, Walter J., Port Commission, Box 9337. 

RAIGORODSKY, Paul M., Petroleum Engineer- 
ing, Inc., Commerce Bldg. 
RAINEY, John B., Mission Manufacturing Co., 
Box 4209. 
RATCLIFF, Van W., Refined Products Co., 
Houston, Texas. For mail: 10118 Palestine St. 

RECTOR, Paul F., Humble Oil Refining Co., 
Route 13, Box 515. 

RICE, R. J., The International Nickel Co., Inc., 
Commerce Bldg. 

RICE, William R., Electric Steel Foundry Co., 
1920 Lorraine St. 

RIORDAN, Maurice A., Gulf Coast Pipe Coating 
Corp., Box 2091. 
ROBERTS, John P., Cameron Iron Works, Inc., 
Houston, Texas. For mail: 111 E. 22nd St. 
ROBINSON, me J., Bethlehem Supply Co., 7100 
Clinton Dr. 

ROESLER, Ewald A., Eastern States Petroleum 
Co., Inc., Box 5008, Harrisburg Station. 

ROGERS, Walter F., Gulf Oil Corp., Box 2100. 

ROLFS, E. L., Crutcher-Rolfs-Cummings, Inc., 
Niels Esperson Bldg. 

ROSS, George T., Houston Natural Gas Corp., 
Petroleum Bldg. 

RUSSELL, George F., Jr., Consolidated Western 
Constructors, Inc., M & M Bldg. 

SANDBERG, John H., Emsco Derrick Equip- 
ment Co., Garden Villas. 

SCAMMAN, Chas. W., Houston Oil Field Ma- 
terial Co., Box 2589. 

SCHERER, Lewis F., The Texas Pipe Line Co., 
720 San Jacinto St. 

— L. G., Humble Pipe Line Co., Humble 

SHAW, George E., Petro-Chemical Equipment 
Co., Scanlan Bldg. 

SHEPARD, Harry L., National Carbon Co., Inc., 
Dallas, Texas. For mail: 6915 Van Etten St. 

SHEPPARD, Lyle R., Shell Pipe Line Corp., 
Houston, “— For mail: 6522 Mercer St. 

— , Jr., United Gas Corp., Box 


SLINES “Louis L., Sline Company, Inc., 1102 Taft. 

SMITH, Alonzo L., Petroleum Instrument Co., 
—— Texas. For mail: 4012 Willowick 

oad. 

SMITH, Nowery J., Nowery J. Smith Co., 8000 
Hempstead Rd. 

SMITH, Robert M., Tar Products Div., Koppers 
Co., Inc., 7001 Clinton Drive. 

SPAFFORD, Perry Parker, Stanolind Oil & Gas 


Co., Box 3092. 

STAFFORD, Allen D., 1814 Richmond Ave. 

STEGNER, A. L., Tennessee Gas Transmission 
Co., Commerce Bldg. 

STEPHENSON, James F., Houston Pipe Line 
Div., Gulf Refining Co., Box 2100. 

STERRETT, Elton, Gulf Publishing Co., Hous- 
ton, Texas. For mail: 1948 Lexington. 

STEVENS, Robert B., Alemite Company of the 
Gulf Coast, 1901 Caroline St. 

STRUBEN, Frederick J., Jr., United Gas Corp., 
Box 2628. 

THAYER, Starr, Consulting Engineer, Southern 
Standard Bldg. 

THORNEY, Charles E., Jr., National Association 
— Engineers, Southern Standard 

TISDALE, O. R., Tidal Pipe Line Co., Box 1404, 

TURNER, Delber W., Petroleum Rectifying Co., 
5121 S. Wayside. 

VAUGHAN, Wm. H., Tide Water Associated Oil 
Co., Box 1404. 

WALDRIP, H. E., Gulf Oil Corp., Drawer 2100. 

WALKER, Jack G., Crutcher-Rolfs-Cummings, 
Inc., Esperson Bldg. 

WARING, W. H., Johns-Manville Sales Corp., 
2410 Wentworth St. 

WEIDLER, W. E., Jr., Aluminum Company of 
America, Commerce Bldg. 

WELSH, Myron E., 5520 Truett St. 

WILDE, H. D., Humble Oil & Refining Co., 
1216 Main St. 

WILLIAMS, P. F., Pan American Pipe Line Co., 
Mellie Esperson Bldg. 

WILLSON, P., Houston Light Power Co., 
317 Drew Ave. 


WINHAM, E. S., Standard Oil Company of 
Texas, Box 1249. 

WOOD, C. Lee, Houston Pipe Line Co., Petro- 
leum Bldg. 


WOOD, Elgean I., Westinghouse Electric & Man- 
ufacturing Co., 5730 Clinton Drive. 
WOOD, Hershel J., Lebanon Steel 
Commerce Bldg. 
WOOD, William A., Jr., 
Service, Inc., Westwego, La. For mail: 
Althea Drive. 


Foundry, 
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WOODY, Charles L., Ebasco Services, Inc., Ney REFUG 
York, For mail: 3845 Law St. 

ZAJAC, Ted S., Shell Oil Co., Inc., Shell 

ZEDLER, Otto F., Houston Pipe Line Div., 
Refining Co., Drawer 2100. q 


IRAAN 


WATKINS, Jesse L., Shell Pipe Line 
Colorado City, Texas. For mail: Box 576, 


JACKSONVILLE 

HANES, Henry W., United Gas Corp. 
JOINERVILLE 

GRAVES, J. H., Tidal Pipe Line Co., Box 71 


KATY 


GORDEN, D., Humble Oil Refining 
Box 276. 4 


KILGORE 


CALHOUN, George H., Shell Oil Co., Inc., 
ox 
KINGSVILLE ENDICC 
DOTTERWEICH, Frank H., Texas College off Corr 
Arts Industries. 
FORBES, C., Celanese Corp. America. 
LEVELLAND 
ILLE, V. J., Consumers Cooperative Refiner [PETTY 
Association, Box 978. | cals 
LIVINGSTON 
Bethel, Texas Pipe Co., WISDO 
Texas. For mail: Box 
LUFKIN 
DREW, E., Southland Paper Mills, 
PORTER, Cover C., Southland Paper Mills, 
MANVEL 
McCALL, Richard H., The Texas Co. : sult 
MARSHALL 
OGBURN, H. R., Griptite Manufacturing (Co, ALLEI 
Box 45. 780 
REEVES, B. M., Texas Marketers, 105 W. ie 
Grand St. cates 
MIDLAND 
BOTTOMS, Vernon B., The Superior Oil Co, 
Box 510. Co. 
BRASHER, Harold C., Andex, Inc., Box 1032. NORR 
CRAWFORD, Guy G., Service Engineers, Inc, 780 
Box 1685. 
LEWIS, L. G., Standard Oil Company of Texas, 
Petroleum 
Jack M., “Dowell Inc., Crawford Hote 
SAL’ 
MURRAY, Herman D., The Texas Co., Box 127). po 
ldg. 
SYBERT, Jack H., Standard Oil Company 
Texas, Box 1660. 0i 
WALLACE, Charles N., Western Plastic Co, PATT 
Box 1713. Hi 
PURT 
NEDERLAND 
BEDELL, William S., Pure Oil Co., Box 237. 
NEWGULF 
TREICHLER, E., Texas Gulf Sulphur FORT 
Newgulf, Wharton County. HILL 
ODESSA 
Co., Box 4066. HITC 
GENSBERG, Aaron, Gulf Oil Corp. Cc 
ea mg D. B., D. W. Haering & Co., Inc. 
Box 2728. 
HUNT, A. a. A. J. Hunt Contracting Co., Bo 
4066. 
R., Tuboscope Co., Box 4004. 
SCOTT, Thomas W., The Parkersburg Rig 
Reel Co., 532 W. Pearl St. OH) 
SMITH, Tracy E., National Tank Co., Box 1387. Cc 
ORANGE 
& Co., Inc., Box 2027. 
PORT ARTHUR 
BURNS, D. L., Gulf Oil Corp., Box 701. 
Charles M., Atlantic Pipe Line CHA 
Box 
STRAWN. Rudolph, The Texas Co. 
SHI 
PORT NECHES 
RODEN, Harry, The Texas Co. base 
RANGER PAI 
PICKRELL, David D., Premier Oil SCE 


Company of Texas, Box 75. 


On. 
Okle 
4 
| 
? 


TEXAm EXAS 


ices, Inc., 


saw 
Shell Wm. H., Hounsell Laboratory, Box 

ANTONIO 

Herschel C., United Gas Pipe Line 


Line Box 421. 


Box 
E., Monsanto Chemical Co. 


q RVIS, Frank, Engineer Section, Headquar- 
il: Box Fourth For mail: 517 Park 
Boil THER, Max F., United Gas Pipe Line 
Box 421. 
Co., Box UNTER, Felix A., Abercrombie Co. 
ini ATES, Louie N., Sinclair Prairie Oil Co., Tulsa, 
Okle. For mail: Box 567. 
CITY 
R., Engineering Department, Mon- 
DARLING, P. E., Pan American Refining Corp., 
Box 
L. A., Carbide & Carbon Chemical 
S College 
FERNANDEZ, J., Republic Oil Refining 
America. Box 
Pan American Refining Corp., 


Carbide & Carbon Chemi- 


‘ive Refinen PETTY JOHN, A. R., 
: cals Corp., Box 471. 
Houston, WISDOM, A., Pure Transportation Co., 
Box 
ills, Inc 7 J. E., Jr., Weatherford Spring Co., 202 
Mills, Inc Ww. Bridge St. 
»CLARK, S. C., Sigler, Clark & Winston, Con- 
oO. sulting Engineers, Box 428. 
WICHITA FALLS 
Co, O., United Gas Pipe Line Co., Box 
rs, 105 CASTLE, Harry, Jr., United Gas Corp., 810 
Lamar St. 
g GATES. A. J., City of Wichita Falls. 
=. Denis, United Gas Pipe Line Co., Box 
ior Oil Co, McGLOTHLIN, E. O., Refinery Service & Supply 
Co., 54. 
Box 1032. NORRIS, J. M., United Gas Pipe Line Co., Box 
ineers, Inc, 780. 
of Texas, 
wford Hotel UTAH 
Box SALT LAKE CITY 
BROUGH, Harry R., Mountain Fuel Supply Co., 
; 36 S. State. 
CLARK, G., Utah Oil Refining Co., Box 898. 
LITTREAL, Wm. Bernard, Research Dept., Utah 
Plastic Co Oil Refining Co., Box 898. 
" PATTERSON, Bryan, General Paint Corp., 
Hill, Hubbell Co. Div., 676 12th East. 
ew T. A., Utah Power & Light Co., Box 
Box 237. 
VIRGINIA 
ulphur Co, FORT BELVOIR 
HILL, Roy W., The Engineer Research & De- 
velopment Labs., The Engineer Center. 
RICHMOND 
a C. B., The Chesapeake & Ohio Railway 
0.. 823 E. Main St. 
g Co., Box 
WASHINGTON 
Rig SHELTON 
JOHNSON, EARL A. N., Rayonier, Inc., Central 
Box 1887. Chemical Laboratory. 
SPOKANE 
Wayne, The Permanente Metals 
Corp., Trentwood Works, Box 1451. 
WEST VIRGINIA 
>» Line Co, CHARLESTON 
Co. COX, George C., Engineer, 3711 
Washington Ave., E. 
SHI Ae Waldo A., SUnited Fuel Gas Co., Box 
VAN Oliver W., Columbian Carbon 
Co.. New York, N. Y. For mail: Box 873. 
PARKERSBURG 
SCHWEMLEIN, Wm., The Parkersburg Rig 


Reel Co., 620 Depot St. 
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SOUTH CHARLESTON 


BANNEN, John, Carbide Carbon Chemicals 
Corp., South Charleston, W. Va. For mail: 


509 Highland Ave. 
DUGGAN, James J., Carbide & Carbon Chemi- 


cals Corp., 437 MacCorkle Ave. 
HAMSTEAD, A. C., Carbide & Carbon Chemicals 


Corp. 
VAN DELINDER, L. S., Carbide & Carbon 
Chemicals Corp. 


WISCONSIN 
APPLETON 
BROWN, Harold H., Wisconsin Michigan Power 
Co., Appleton, Wis. For mail: 1325 S. Mason 


t. 

DOWLING, Roy C., Wisconsin Telephone Co., 
1320 W. Wisconsin Ave. 

CUDAHY 


COOPER, Wm. C., Geo. Meyer Mfg. Co. 
FURGASON, Clyde A., Ladish Company, 5481 
S. Packard St. 


KENOSHA 


BUTTERBAUGH, Homer 
Brass Co., 1420 63rd St. 


W., The American 


MILWAUKEE 


BECKWITH, Laurence J., Wisconsin Electric 
Power Co., 3721 McKinley Ave. 

CRAWFORD, W. E., A. O. Smith Corp., 3533 
N. 27th St. 

HAASE, Harold F., Engineering College Mar- 
quette University, 2919 W. Juneau Ave. 

MARTIN, Arthur R., Himelblau, Byfield & Co., 
611 N. Broadway. 

SCHEIL, Merrill A., A. O. Smith Corp. 
WICEN, Robert E., Chain Belt Co., Milwaukee, 
Wis. For mail: 1333 N. Franklin Place. 
WOOLDRIDGE, Kent E., Aluminum Company 

America, 735 Water St. 


RACINE 


BRINEN, Howard F., Young Radiator 
Racine, Wis. For mail: 2226 Kinzie Ave. 

PEIRCE, Walter A., Racine Water Department, 
City Hall. 


Co., 


SOUTH MILWAUKEE 
EARLE, Ralph H., Line Material Co. 


WAUKESHA 


THOMAS, Ralph W., Waukesha Foundry Co., 
Lincoln Ave. 


FOREIGN 


ARGENTINA 


BUENOS AIRES 
HICKETHIER, Carlos F., Azcuenaga 1183-93. 


AUSTRALIA 
MELBOURNE 
— Arthur James, Hume Steel, Ltd., Box 


JOHNSON, W. A., Melbourne & Metropolitan 
Board of Works, 110 Spencer St. 

LONGFIELD, C. M., State Electricity Commis- 
sion of Victoria, 22-32 William. 


BELGIUM 
BRUSSELS 


J., Universite Libre Brux- 
elles, 50 Ave. Franklin D. Roosevelt. 


CANADA 


CALGARY, ALBERTA 


BROWNIE, F. A., The Canadian Western Nat- 
ural Gas Co., Ltd., 215 Sixth Avenue W. 
KELLAM, G. D., Canadian Western Natural Gas, 

Light, Heat & Power Co., Ltd., 215 Sixth 


Ave. W. 

MELLON, P. D., The Canadian Western Natural 
Gas, Light, Heat & Power Co., Ltd., 215 
Sixth Ave. 

SNYDER, B. W., Canadian Western Natural 
Gas Co., Ltd., 215 Sixth Ave. W. 

— James W., Imperial Oil Co., 304 Ninth 

ve. W. 


CHATHAM, ONTARIO 


DUTTON, W. L., Union Gas Company of Can- 
ada, Ltd., Fifth St. 

RUSSELL, G. I., Union Gas Company of Can- 
ada, Ltd. 


ENGLAND 


EDMONTON, ALBERTA 


McPHERSON, C., Northwestern Utilities, 
Ltd., 10124 104th St. 
MOUNT, W. R., City of Edmonton, Waterworks 
Distribution System. 
Ltd., 


B. W., Northwest Industries, 
Ox 

WILLSON, B. F., Northwestern Utilities, Ltd., 
10124 104th St. 


ELMIRA, ONTARIO 
HAGER, Frederick, Naugatuck Chemicals. 


KINGSTON, ONTARIO 

GODARD, H. P., Aluminum Laboratories, Ltd., 
Box 84. 

LACHINE, QUEBEC 

JEHU, Llewellyn, Jr., Dominion Bridge Co., Ltd., 
Fifth Ave. 

TUQUE, QUEBEC 

JOPP, J. M., Brown Corp. 


MONTREAL, QUEBEC 


HURLEY, E. T., Canadian 
360 Sebastopol. 

LOCKWOOD, K., Shawinigan Chemicals, Ltd., 
Box 6072. 


National Railways, 


OTTAWA, ONTARIO 


ROGERS, R. R., Dept., Mines & Resources of 
Canada, Bureau of Mines, 568 Booth St. 
—=—— J. F. J., Bureau of Mines, 40 Lydia 

t. 


SHAWINIGAN FALLS, QUEBEC 


SHAW, George S., Shawinigan Chemicals, Ltd. 
TORONTO, ONTARIO 
BUTTERILL, Harold J., International Nickel 


Company of Canada, Ltd., 25 King St. W. 

MORRISON, J. C., British American Oil Co., 
Royal Bank Bldg. 

WATSON, T. R. B., Dominion Magnesium, Ltd., 
67 Yonge St. 

TRAIL, BRITISH COLUMBIA 


BUSBY, A. H. Wilson, Consolidated Mining & 
Smelting Company of Canada, Ltd. 


CANAL ZONE 
COco_Li 
McRAVEN, C. H., U. S. Navy, 


DIABLO HEIGHTS 


MILES, John A., The Panama Canal, Box 562. 
MUNDT, H. W., Panama Canal, Box 52. 


Box 526. 


COLUMBIA 
BOGOTA 


LOWE, Marvin E., Texas Petroleum Co., Apar- 
tado Postal 877. 


CUCUTA 


BOWMAN, M. M., Colombian Petroleum Co., 
Apartado 100. 


CUBA 
HAVANA 
RIOS, Juan Rios, Cuban Telephone Co., Box 945. 


DUTCH WEST INDIES 
ARUBA 


LENNOX, William R., Firma John G. Eman, 
Nassaustraat, Oranjestad. 
CURACAO 


VAN DER BAAN, S., Curacaosche Petroleum 
Industrie, Maatschappij, Emmastad. 


EGYPT 
GIZA 


WALLY, Aly, Anglo Egyptian Oilfields, Ltd., 
Cairo, Egypt. For mail: Villa Saguarra, Abd 
El Rihim Sabry St., Dokki. 


ENGLAND 
LONDON 
FOOTNER, H. B., Shell Petroleum Co., 
Norman House, 105-109 Strand. 


STRACHAN, John F., Anglo-Iranian Oil Co., 
Ltd., Britannic House, Finsbury Circus. 


Ltd., 


| 
| | | 
| 
|_| 


FRANCE 


FRANCE 
PARIS 


BEATRIX, Raymond H., Le Tube D’Acier, 6 
Rue Daru. 

JANNY, Louis, Societe Entrepose, 16 Rue Theo- 
dore de Banville. 


HOLLAND 
THE HAUGE 


HOEVEN, H. Vander, N. V. deBataafsche Pe- 
troleum Maatschappij, 30 Carel van Bylandt- 


laan. 
POST, J. H. G., N. V. de Bataafsche Petroleum 
Maatschappij, Carel van Bylandtlaan 30. 


ITALY 
BERGAMO 
DONATI, Enrico, Dalmine S. P. A. 
MILAN 


SCARPA, Oscar, Instituto di Elettrochimica del 
Politecnico, Dalmine S. P. A., Piazza Leo- 
nardo da Vinci. 


MEXICO 
MONTERREY 


LOBO, Humberto, Jr., Fabricas Protexa S. A., 
Zuazua 919 Sur Desp. 304. 
—. Jesus A., Gas Industrial de Monterrey 
A., Apartado’ 1005. 
RAMIR REZ, Ernesto P., Bowers Lth., 
Apartado 976. 
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ROSITA, COAHUILA 
M. W., Cia. Carbonifera de Sabinas, 


PERU 
LIMA 


VARGAS, Joaquin, Ingenieria Industrial, 
Apartado 2830. 


A., 


PUERTO RICO 


HATO REY 
BADRENA, Fernando, Jr., Phosphate & Acid 
Works Div., Ochoa Fertilizer Corp., Hato 


Rey, Puerto Rico. For mail: Box 117. 


SAUDI ARABIA 


DHAHRAN 

SHULTZ, S. T., Arabian-American Oil Co. 
SOUTH IRAN 

ABADAN 


—_, Kenneth Brebner, Anglo-Iranian Oil Co., 
td. 


SPAIN 
BARCELONA 


GRAU, Vicente Massuet, Instituto Electroqui- 


mico, Enrique Grandos 90/92. 


VENEZUELA 


SYRIA 
HOMS 
WHALLEY, W., Iraq Petroleum Co., Ltd. Box 51, 


TERRITORY HAWAII 
HILO 


NIWAO, Hilo Electric Light Co., Ltd, 
Box 1027 


HONOLULU 


GOWANS, Louis L., Honolulu Gas Co., Ltd, 
75 S. King St. 

OHRT, Frederick, City & County 
Board of Water Supply, Box 3 


VENEZUELA 
CARACAS 


AMADOR, Frank J., Creole Petroleum Corp, 
Apartado 889. 

HACKETT, Albert Harold, Venezuelan Tele. 
phone Co., Apartado 1226. 

HURTADO, J. R., Instituto Nacional de Obras 
Sanitarias, Laboratorio de Aguas, Inos, Edo, 


x. ©. 

MACHADO, Oscar, La Electricidad de Cuzracas, 
Marron A Pelota No. 8. 

VEECH, William A., Westinghouse Electric In. 
ternational Co., ‘Apartado 1889. 


MARACAIBO 


BRANNAN, Albert Ira, Mene Grande Oi! 
Apartado 234. 

ZAUNER, John Hudson, Creole Petroleum Corp, 
Apartado 172, La Salina. 


| 
~ 


¢* 


ALA 
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ATI 
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BE’ 
BIR 
CC 
J 


ENEZUELA 


Ltd. Box 5}, 


Co., Ltd, 


Co., Ltd, 
Honoluh, 
10. 


leum Corp, 
uelan Tele 


al de Obras 
, Inos, Edo, 


Electric In. 


de Oil Co, 


leum Corp, 
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the list below are not necessarily those the company representative named. 

ALLIED CHEMICAL DYE CORP., 

AMERICAN PIPE CONSTRUCTION COMPANY, 

CANADIAN WESTERN NATURAL GAS CO., LTD.......... Calgary, Alberta, Canada................. Snyder 
CONSOLIDATED GAS ELECTRIC LIGHT POWER CO. 


my 
ry 
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CORN PRODUCTS REFINING CO., 


GENERAL PAINT CORP., 

GULF OIL CORP., Gulf Prod. Div., (Houston Div.).......... Walter Rogers 
HONOLULU, CITY COUNTY OF, 

INTERSTATE NATURAL GAS COMPANY, INC............ Monroe, La........ Roddey 


| 


Flournoy 
Bogart 
Elliott 
Converse 
Riley 


Wood, 
Smith, Jr. 


Miller 
Browning 
Perkins 
Briggs 
Harvey 
Mason 
Mcintyre 
Paul Hall 
Neher 
Summers 
Reid 
Wirene 


Bowen 
Smith 
Yahnker 
Capaul 
Goodall 
Broxham 
Keane 
Rogers 
Wescott 
Eckles 
Bahan 
Alfke 
Stott 
Schultz 


Wood 
Wilde 
Lomax 
Friend 
Rawlins 
Roddey 
ard Pape 
Baldwin 
Hill 
Stearns 
Schoene 
Dorn 
Platz, Jr. 
Rogerson 
Foster 
Hess 
Tibbetts 
Knight 
Levy 
Bennett 
Mavor 
Wilson 
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MEMPHIS NATURAL GAS COMPANY 
MEYERS, E., CO., THE 


MICHIGAN CONSOLIDATED GAS 
MID-CONTINENT PIPE LINE COMPANY 
MIDWESTERN ENGINE EQUIPMENT 
MISSISSIPPI GAS COMPANY 


MISSISSIPPI POWER LIGHT COMPANY 


MISSISSIPPI RIVER FUEL CORP 
MISSOURI-KANSAS-TEXAS LINES 


(Guy Thompson, Trustee) 


MOBILE GAS SERVICE CORP 


MONTANA POWER COMPANY, THE 


MOUNTAIN FUEL SUPPLY COMPANY 
MUTUAL CHEMICAL COMPANY AMERICA 
NATASCO COMPANY 
NATIONAL ALUMINATE CORP.. 
NATIONAL COOPERATIVE REFINERY ASS’N 
NATIONAL LEAD COMPANY, 

Research Laboratory 
NATIONAL SUPPLY COMPANY, 

Spang-Chalfant Div 
NATIONAL TANK COMPANY 


NATURAL GAS PIPELINE CO. AMERICA 


NEW ORLEANS PUBLIC SERVICE, INC 
NEW YORK RICHMOND GAS COMPANY 
NEW YORK CENTRAL RAILROAD CO., THE 
NEW YORK TELEPHONE COMPANY 
NOOTER, JOHN, BOILER WORKS COMPANY 
NORTH PENNSYLVANIA GAS COMPANY 
NORTHERN NATURAL GAS COMPANY 
NORTHWESTERN UTILITIES, LTD 

NUKEM PRODUCTS COMPANY 

OHIO OIL COMPANY, THE 

OKLAHOMA GAS ELECTRIC COMPANY 
OLIVER UNITED FILTERS, INC 


OMAHA COUNCIL BLUFFS ELECTROLYSIS 
COMMITTEE 


PAN AMERICAN PIPE LINE COMPANY 
PANHANDLE EASTERN PIPE LINE 
PEOPLES GAS, LIGHT COKE CO., THE 
PEOPLES NATURAL GAS COMPANY, THE 
PERRAULT BROTHERS 

PETROLEUM ENGINEERING, INC 


COMPANY AMERICA 

PREMIER OIL REFINING COMPANY TEXAS, 
Pipe Line Div. 

PRICE, COMPANY 


PUBLIC SERVICE CO. NORTHERN ILLINOIS 


PURE TRANSPORTATION COMPANY 


REPUBLIC NATURAL GAS COMPANY 


REYNOLDS METALS COMPANY 


RICHFIELD OIL CORP 


ROCHESTER GAS ELECTRIC CORP 


ROCKW ELL MFG. COMPANY, 


Nordstrom Valve Div. 


St. Louis, 


Ohio.... 


Memphis, Tenn Fred Stull 
Detroit, Mich Weigele 
Tulsa, Okla Pyeatt, Jr. 
Tulsa, Okla Glandon 
Meridian, Miss Griffin 
Jackson, Miss. 


Mobile, Ala Harold Strange 
Whitney 

Davis 
Harry Brough 


Butte, Montana 

Salt Lake City, Utah 
New York, Geo. Best 
Tulsa, Okla Montgomery 


Alex Stewart 


Texter 

Glasgow 
Schmierer 
Ireland 

Van Vliet 

Thompson 
Hampton 
Walter Meyer 


Tulsa, Okla 

Tulsa, Okla 

Chicago, 

New Orleans, 
Staten Island, New York, Y.. 
New York, 

New York, 


Omaha, Neb 

Edmonton, Alberta, Canada .... 
Buffalo, 

Findlay, Ohio 

Oklahoma City, Okla 

Oakland, Calif 


Bruhn 

Calloway, Jr. 
Schneider 
Williams 


Erickson, Jr. 
Lewis Perrault 

Paul Raigorodsky 
Phelps 

Maleom 

Imes 

Russell Coe 

Paul Gegner 

Horstman 

Van Natta 

Donald Batchelder 
Douglass 


Pittsburgh, 

Tulsa, Okla 

Houston, Tex 

Philadelphia, 

Lockland (Cincinnati), Ohio 
Bartlesville, Okla 

Franklin Park, 
Pittsburgh, Pa.. 


Atlanta, Georgia 
Chicago, 
Portland, 


Ranger, Tex 
Bartlesville, 
Newark, 
Chicago, 

Chicago, 

Dallas, Tex.. 
Louisville, Kentucky 
Los Angeles, Calif 


Matheson 


PACIFIC GAS ELECTRIC COMPANY....................San Francisco, 

PHILADELPHIA ELECTRIC COMPANY................... 

PHILIP CAREY MFG. COMPANY, THE.................... 

PHILLIPS PETROLEUM COMPANY....................... 


1949 DIRECTORY—NATIONAL ASSOCIATION CORROSION ENGINEERS 


CORPORATE AND ASSOCIATE N.A.C.E. MEMBERS, 1949 


SINCLAIR REFINING COMPANY, PRODUCTS PIPE LINE. .Columbus, Baker 
SOCONY-VACUUM OIL COMPANY, INC., 

STANDARD OIL COMPANY INDIANA, 

STANDARD OIL DEVELOPMENT COMPANY, 


TRANSIT STORAGE COMPANY, 
UNION PACIFIC RAILROAD COMPANY.................. Wm. Reinhardt 


ey 

i 
YOUNGSTOWN SHEET TUBE COMPANY, THE.........Youngstown, Ohio.........................K. 


1 de Griend: 
lison Evans 
Long 
Cour 
. W. Baker 

Smith 
uis Sline 
Smith 


Phipps 
. E. Spahr 
Deacon 
Winters 
Polhamus 
White 
‘terson, Jr, 
Mayo 
Reid 
Drew 
Wilkes 
Miller 
Evans 


Fisher 


Fyke 
Clark 
Stearns 
Barry 
Cribley 
Pearson 
Coates 
Miller 
Cordell 
Stivers 
Treichler 
Osburn 
Scherer 
Nicholls 


Sands 
Jenkins 
einhardt 
Bennett 
oengard 
lanagan 
ernathy 
Schuh 
Matson 
Clark 
the, 
Nickell 
Fetters 


The term 


NATIONAL CARBON COMPANY, Inc. 
Unit Union Carbide and Carbon Corporation 


Sales Offices: 
Dallas, Kansas City, 
San Francisco 


East 42nd Stree 
Division 

Atlanta, Chicago, 
New York, Pittsburgh, 


STOCK! 


other chemicals 


KEEP PIPE ALWAYS 
Resis 
Light weight 
Resistant mec 
Immune thermal 


the action acids, alkalis 
trength 


ith adequate 


hanical shock 
tion M-8800B 


alog sec 
Inc., 


Write for cat 
shock National Carbon 
Dept. CP. 


Easy machine and install 


Full range sizes and fittings 
Canadian Nati 


onal Carbon Co., Ltd., Toronto 4, Cancda 


These products sold 


| 
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